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INTRODUCTION 


Project  Goal  and  Objectives 

The  goal  of  this  research  project  was  to  develop  and  validate  an  in 
vitro  bioassay  for  developmental  toxicants  using  embryos  of  the  South 
African  clawed  frog  Xenopus  laevis.  The  assay  will  allow  rapid  screening 
of  pure  compounds  or  complex  mixtures  as  part  of  the  hazard  assessment 
process.  The  assay  has  been  named  the  Frog  Embryo  Teratogenes  is 
As  s  ay-Xen  op  us  (FETAX)  by  its  developer  Pr.  James  Dumont  (1)  of  Oak  Ridge 
National  Laboratories. 

Four  objectives  have  been  established  for  the  present  project.  These 

are : 


1.  Validation:  FETAX  will  be  tested  using  a  number  of  pure  test  chemicals 
whose  mammalian  developmental  toxicity  has  been  previously  established.  The 
rationale  for  this  work  is  to  establish  the  predictive  accuracy  of  FETAX  and 
establish  the  false  positive  and  negative  rate.  Chemicals  that  do  not  test 
as  predicted  will  be  retested  using  an  Jjn  vitro  metabolic  activation 
system  used  in  conjunction  with  FETAX.  In  this  manner  the  validation  work 
will  help  in  the  development  of  the  assay.  Attainment  of  this  objective  will 
also  help  in  future  covalidation  studies  that  will  show  that  FETAX  is 
reproducible  and  reliable.  Abnormal  embryos  generated  during  this  phase  of 
the  testing  were  photographed  and  the  pictures  used  in  preparing  an  "Atlas  of 
Abnormalities"  (objective  #4). 

2.  Solvent  Interaction  Study:  Some  difficulty  has  been  encountered  in 
previous  studies  when  non-polar  test  substances  have  been  used.  The  use  of 
dimethyl  sulfoxide,  acetone  and  triethylene  glycol  as  carrier  solvents  was 
evaluated  in  this  study.  The  no  observable  effects  conce''trations  of  each  of 
these  solvents  has  been  determined  but  it  was  possible  that  these  solvents 
acted  synergis  t ically  and  antagonistically  with  the  test  chemicals.  It  was 
an  objective  of  this  study  to  determine  whether  or  not  these  type  of 
interactions  are  occurring  and  how  best  to  minimize  them. 


3.  Validation  of  the  Rat  Liver  Metabolic  Activation  System  for  FETAX: 
Aroclor  1  254  induced  rat  liver  microsoraes  are  currently  being  used  as  an  in 
vitro  metabolic  activation  system  for  FETAX.  Many  proteratogens  must  be 
bioactivated  before  causing  developmental  effects  while  other  compounds,  such 
as  nicotine,  are  rendered  far  less  toxic.  Since  Xenopus  embryos  lack  a 
functional  metabolic  activation  system  through  the  first  four  days  of 
development,  a  substitute  system  must  be  exogenously  provided.  This  system 
has  been  developed  and  used  successfully.  The  objective  in  the  present  study 
was  to  validate  the  system  in  order  to  demonstrate  that  it  increases  the 
predictive  accuracy  of  FETAX. 


4.  Atlas  of  Abnormalities:  If  FETAX  is  to  provide  repeatable  and  reliable 
data,  it  is  imperative  that  a  standardized  methodology  be  provided  to  users. 
This  guide  is  currently  being  developed  through  the  auspices  of  the  American 
Society  for  Testing  and  Materials.  This  new  standard  guide  (See:  Methodology 
Appendix)  is  nearly  through  the  development  cycle.  During  its  development  it 
became  clear  that  new  users  were  having  difficulty  judging  which  embryos  were 
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malformed  and  which  stages  of  development  they  were  dealing  with. 
Photographs  taken  for  the  present  project  have  been  published  in  a  book  which 
will  be  provided  to  interested  parties  for  the  purpose  training  FETAX 
technicians.  The  repeatability  and  reliability  of  FETAX  are  very  dependent 
on  the  quality  of  the  technical  help.  Because  of  the  interrelationships 
between  the  Atlas  and  the  Guide,  much  effort  was  spent  on  the  development  of 
the  guide  although  it  was  not  an  original  stated  objective. 

5.  Comparative  Sensitivity  of  FETAX;  Midway  through  the  contract,  data 
emerged  from  Wes  Birge's  lab  of  the  University  of  Kentucky  suggesting  that 
FETAX  might  be  too  tolerant  as  a  developmental  toxicity  screen.  Hov/ever, 
Birge's  group  used  different  exposure  lengths  and  other  differing 
environmental  conditions  in  carrying  out  their  experiments.  We  designed 
follow  on  experiments  comparing  FETAX  to  fathead  minnow  development.  We 
modified  FETAX  1  adding  an  extra  day  to  the  exposure  period  and  we  modified 
the  minnow  early  life  stage  test  by  reducing  the  exposure  period  by  one  day. 
In  two  of  three  cases  tested,  FETAX  proved  to  be  more  sensitive  and  it  was 
easier  to  conduct  FETAX  as  well. 

BACKGROUND 


The  Need  to  Screen  for  Teratogens 

Approximately  7  0,000-1  10,000  chemicals  are  currently  available  in  the 
marketplace  with  some  800  new  chemicals  released  each  year.  Prior  to  their 
release  into  the  environment,  the  safety  of  these  chemicals  must  be  firmly 
established.  Because  of  the  large  numbers  of  chemicals  to  be  tested  and  the 
even  larger  number  of  interactions  possible  when  these  chemicals  are  present 
in  complex  mixtures,  vivo  assays  employing  mammals  are  not  practical. 
The  need  for  routine  teratogenicity  testing  has  led  to  the  development  of  a 
number  of  in  vitro  teratogenes is  assays  that  may  prove  useful  in 
prioritizing  compounds  for  further  testing  (1-7).  Several  years  ago,  Dumont 
and  co-workers  (1)  developed  and  used  the  Frog  Embryo  Teratogenesis  Assay- 
Xenopus  (FETAX)  and  applied  it  to  screening  complex  environmental  mixtures 
as  well  as  pure  compounds.  We  propose  to  further  develop  FETAX  and  evaluate^ 
this  assay  using  compounds  of  known  mammalian  developmental  toxicity. 
Successful  development  and  validation  of  this  assay  will  make  available  to 
the  scientific  community  a  four-day  screening  test  providing  reliable 
developmental  toxicity  data. 

Development  of  FETAX  as  a  Teratogenesis  Screening  Assay 

In  its  present  form,  FETAX  meets  most  of  the  criteria  set  forth  by  Kimmel 
et  al.  (8)  for  the  validation  of  in  vitro  teratogenesis  assays  (8, 
9-11).  Endpoints  such  as  mortality,  malformation,  growth,  development  and 
motoi.'  impairment  are  easily  quantifiable  and  capable  of  exhibiting  a 
dose-response  relationship  with  the  establishment  of  narrow  confidence 
limits.  Since  many  of  the  stages  of  amphibian  development  are  similar  to 
mammalian  development,  the  "developmental  relevance"  of  FETAX  is  higher  (8) 
than  many  of  the  other  teratogenesis  assays.  At  present  FETAX  has  a 
metabolic  activation  system  using  uninduced  rat  liver  raicrosomes,  but 
improvements  can  be  made.  Additional  validation  using  compounds  of  known 
mammalian  developmental  toxicity  needs  to  be  performed.  The  successful 
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accomplishment  of  the  specific  aims  listed  below  should  make  FETAX  a  fully 
developed  and  reliable  teratogenes is  screening  assay. 

The  original  work  on  developing  an  assay  with  Xenopus  to  detect 
environmental  teratogens  was  performed  in  the  laboratories  of  Greenhouse  (7) 
and  Dumont  (12).  Greenhouse  used  48-hr  exposures  to  military  compounds 
( N-p heny  1-a-n aph th y  1  amine  and  various  hydrazines)  to  demonstrate  toxic  and 
teratogenic  effects  on  developing  embryos. 

The  early  studies  demonstrated  that  the  Xenopus  system  can  be  used  with 
a  variety  of  chemicals  and  complex  mixtures.  The  endpoints  include:  LC50 
(mortality),  E  C50  (m  a  1  f  orma  t  i  on-t  er  at  ogene  s  i  s  )  ,  no  observable  effects 
concentration  (NOEC),  growth  (both  length  and  developmental  stage  obtained  in 
a  given  time  period),  motor  behavior,  pigmentation,  and  gross  anatomy.  The 
test  chemical  exposures  are  generally  continuous  for  96-hr  (FETAX). 
Mortality  and  stage  of  development  are  checked  at  hours  24,  48,  72,  and  96 
hr,  while  the  other  endpoints  are  recorded  only  at  96  hr.  Every  24  hr,  fresh 
test  compound  and  water  is  added  (renewal).  Data  collection  is  simple  as  all 
observations  are  made  with  a  dissection  microscope.  The  data  collected  using 
FETAX  are  in  harmony  with  the  criteria  for  an  v  itro  teratogenes  is 

screen  given  by  Kimmel  et  al.  (8).  These  include:  good  dose-response, 
adequate  number  of  embryos,  and  easily  defined  endpoints. 

FETAX  Test  Performance  and  Developmental  Relevance 

Dumont  (unpublished)  has  validation  data  on  45  compounds  with  an 
approximate  85  percent  correspondence  to  mammalian  results.  Sabourin  (13-14) 
has  completed  testing  of  32  compounds  with  83  percent  predictive  accuracy. 
In  our  laboratory  to  date,  we  have  tested  67  compounds  and  found  that  60  gave 
results  in  FETAX  consistent  with  the  mammalian  literature  for  a  predictive 
accuracy  rating  of  89.5%.  In  at  least  two  cases  (isoniazid  and 
pseudoephedrine) ,  we  feel  that  metabolic  activation  is  involved  and  that  the 
mammalian  literature  has  not  properly  taken  this  into  account.  Resolution  of 
these  problems  in  validation  would  increase  the  predictive  accuracy 
significantly.  However,  we  are  bounded  by  the  limits  of  the  accuracy  of  the 
mammalian  literature  since  funds  to  repeat  mammalian  studies  are  lacking. 

Correlation  between  laboratories  has  been  encouraging.  For  example, 
Courchesne  and  Bantle  (9)  found  a  teratogenic  index  for  hydroxyurea  of  4.3, 
whereas  Sabourin  recorded  4.5  for  the  same  chemical.  In  some  cases,  however, 
a  lack  of  correspondence  is  apparent.  Even  though  5-f luorouracil  tested 
strongly  positive  for  teratogenes  is  in  the  laboratories  of  Bantle  and 
Sabourin,  the  teratogenic  indexes  differed  significantly.  The  reason  for 
such  discrepancies  needs  to  be  understood  and  the  inter  laboratory  evaluation 
phase  of  the  next  contract  will  permit  an  evaluation  of  the  inter-laboratory 
variability.  If  the  assay  is  to  be  used  for  purposes  beyond  screening,  such 
as  for  ranking  ter  atogenes  is  of  test  chemicals,  then  the  importance  of 
minimizing  variability  in  quantitative  measurements  emerges. 

Additional  evidence  which  supports  the  use  of  FETAX  as  a  viable  teratogen 
screen  concerns  its  performance  compared  with  that  of  other  potential  test 
systems  and  its  developmental  relevance-.  Sabourin  et  al.  (10)  found  the 
Xenopus  test  emerged  as  the  assay  of  choice  when  compared  to  the  planaria 
system  (3)  and  the  Hydra  system  (15).  These  results  can  be  attributed  to 
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the  numerous  endpoints  of  the  frog  assay  as  well  as  its  higher  phylogenetic 
position.  We  have  also  found  that  endpoints  in  the  Xenopus  assay  may 
demonstrate  developmental  relevance  to  those  in  mammalian  systems.  Sabourin 
and  Carlton  (unpublished)  determined  that  the  same  stock  of  dipheny Ihydantoin 
caused  pericardial  edema  as  the  primary  endpoint  in  both  the  cultured  whole 
rat  embryo  (16)  and  Xenopus  embryos.  We  have  also  made  this  same 
observation.  Dumont  et  al.  (personal  communication)  similarly  found  that 
meclizine  induced  hydrocepha  1  ia  in  both  frogs  and  mammals  and  that  other 
teratogens  produced  similar  abnormalities  in  both  frogs  and  mammals. 
Sabourin  (in  preparation)  has  recently  found  that  the  total  mammalian 
malformations  (e.g.,  skeletal,  visceral,  nervous,  etc.)  caused  by  17 
teratogens  were  matched  in  Xenopus  in  24/37  (65%)  of  the  cases.  Courchesne 
and  Bantle  (9)  reported  that  a  number  of  genotoxic  chemicals  caused  the  same 
general  types  of  malformations  in  both  Xenopus  and  rodent  embryos.  Lastly, 
Dawson  et  al.  (17)  have  developed  a  artificial  medium  (FETAX  solution)  and 
have  carried  out  a  preliminary  validation  using  five  compounds  ranging  from  a 
nonteratogen  to  a  strong  teratogen. 

In  Vivo  Bioactivation 


A  principal  objective  of  this  proposed  study  is  to  develop  a  means  of 
dealing  with  proterato genic  substances  in  the  FETAX  system.  Preliminary 
work,  done  independently  in  the  laboratories  of  Dumont  and  Sabourin, 
indicated  that  a  limited  degree  of  basal  P-450  activity  and  subsequently 
induced  P-450  activity  is  present  in  the  96-hr  embryo.  This  activity  is  not 
great  enough  to  qualify  FETAX  as  a  raetabolical ly  competent  system  however.  A 
significant  increase  in  mortality  or  malformation  between  72  and  96  hrs  does 
indicate  that  bioactivation  may  be  occurring  later  in  development.  We  have 
observed  this  increase  in  mortality  between  72  and  96  hrs  using  histamine. 
Wesolowski  and  Lyerla  (18)  have  also  reported  that  hexokinase  and  alcohol 
dehydrogenase  activities  do  not  appear  until  the  fifth  day  of  development  in 
Xenopus . 

In  Vitro  Bioactivation 


We  have  developed  an  _in_  v  itro  metabolic  activation  system  (MAS)  for  FETAX 
by  using  Aroclor  1254  induced  rat  liver  microsoraes  cocultured  with  embryos 
(19).  Initial  attempts  to  use  commercially  available  Aroclor  1254  induced 
rat  liver  S-9  supernatant  (Litton  Bionetics)  failed  because  of  high  S-9 
toxicity.  We  then  attempted  to  further  purify  microsoraes  from  uninduced  rat 
liver  homogenate  in  order  to  reduce  toxicity  (20,21).  We  were  successful  in 
this  approach  and  able  to  activate  the  proteratogen,  cyclophosphamide  into 
its  embryotoxic  and  teratogenic  form  as  measured  by  FETAX  (19,20).  We  used 
cyclophosphamide  in  the  development  of  un induced  rat  liver  microsome  system 
for  FETAX.  Cyclophosphamide  is  one  of  the  consensus  compounds  listed  by 
Smith  et  al.  (22)  for  use  in  validating  in  vitro  teratogenes is  assays. 
That  cyclophosphamide  requires  metabolic  activation  for  its  teratogenicity 
has  recently  been  shown  using  rat  embryos  cultured  in  vitro  (23,24).  We 
duplicated  these  experiments  with  FETAX  to  facilitate  the  development  of  our 
metabolic  activation  system.  A  wealth  of  literature  exists  on  not  only  the 
metabolism  of  cyclophosphamide  but  also  its  mutagenic  and  teratogenic 
potential  (See:  Mirkes  (25)  for  review).  This  makes  it  much  easier  to 
interpret  results.  Cyclophosphamide  is  easily  soluble  in  water,  eliminating 
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the  need  for  a  carrier.  Cyclophosphamide  has  now  been  adopted  in  our  lab  as 
a  positive  control  to  prove  that  each  microsomal  preparation  is  active. 

Rat  liver  microsoraes  were  prepared  essentially  by  the  method  of  Kitchin 
and  Woods  (20)  and  the  method  of  preparation  is  presented  in  the  Appendix 
(Section  #1).  Our  chief  contribution  to  the  preparation  and  use  of  these 
microsomes  in  FETAX  was  the  use  of  bovine  serum  albumin  in  reducing  residual 
Aroclor  to  a  level  that  does  not  affect  experimental  results  and  in  the 
standardization  of  the  amount  of  microsomal  activity  so  that  experiments 
could  be  repeated  reliably  (19).  We  have  also  established  that  microsomal 
activity  lasts  for  five  hrs  at  24°C. 

After  developing  the  _iji_  vitro  MAS  for  FETAX,  a  validation  program 
was  initiated  to  prove  that  the  system  yield  the  expected  results. 
Pr  0 1  e  r  a  t  ogens  ,  such  as  cyclophosphamide,  should  increase  in  developmental 
toxicity  upon  bioactivation  while  others  should  be  reduced.  FETAX  results 
using  direct-acting  developmental  toxicants  shjuld  not  change  upon  addition 
of  the  _ijT_  vitro  MAS.  Besides  cyclophosphamide,  we  have  also  tested  the 
p r  o  t e  r a t  ogen s  2-acetylarainof luorene ,  rifampicin  and  benzo(a)pyrene  in  FETAX 
and  obtained  clear  evidence  of  bioactivation  for  each  (26).  Both  nicotine 
and  cytochalasin  D  are  examples  of  compounds  that  are  inactivated  by  an  in 
vitro  MAS  and  we  obtained  similar  results  in  FETAX  (26,27).  Lastly,  we 
have  already  used  ZnSO,  as  an  example  of  a  compound  that  should  be 
unaffected  by  the  MAS  ana  obtained  the  expected  results  in  FETAX  (26).  With 
Zn  we  had  questioned  whether  or  not  rat  liver  metallothioneins  would  bind  to 
the  zinc  and  reduce  its  toxicity.  This  did  not  turn  out  to  be  a  problem. 
Lastly,  we  have  tested  dilantin  as  an  example  of  a  compound  that  has  both 
d ire c t- ac t  ing  and  possibly  developmental ly  toxic  intermediates  (28).  Using 
specific  inhibitors  of  P-450  enzymes,  we  were  able  to  show  that  dilantin 
caused  developmental  toxicity  in  its  parent  form  and  that  there  was  evidence 
for  toxic  intermediate  but  that  the  primary  metabolites  were  not  as  toxic  as 
the  parent  compound. 

We  did  try  to  use  Xenopus  hepatocytes  in  a  co-culture  with  Xenopus 
embryos  as  an  alternate  ^n^  vitro  MAS.  An  advantage  of  using  cultured 
hepatocytes  as  a  bioactivating  system  would  be  the  continuous  production  of 
the  active  metabolite  as  opposed  to  the  use  of  rat  liver  microsoraes  where 
activation  is  limited  to  approximately  5  hrs  (although  fresh  additions  are 
made  daily).  However,  Xenopus  hepatocytes  do  not  have  as  much  inducible 
cytochrome  P-450  as  do  rat  liver  microsomes  and  rat  hepatocytes  cannot  be 
used  because  of  the  tonicity  differences  between  amphibian  and  mammalian 
cells.  Cell  culture  is  far  more  expensive  and  technically  demanding  than  the 
use  of  rat  liver  microsoraes.  Further,  there  are  problems  in  plating  an  exact 
number  of  hepatocytes  so  that  the  generation  of  teratogen  from  proteratogen 
is  repeatable.  It  must  be  remembered  that  every  in  vitro  metabolic 
activation  system  has  advantages  and  disadvantages  and  that  no  universally 
accepted  system  now  exists  that  duplicates  human  metabolism. 

At  present,  we  feel  that  the  use  of  Aroclor  1254  induced  rat  liver 
microsomes  as  an  in  vitro  metabolic  activation  system  for  FETAX  offers 
great  promise.  Additional  validation  compounds  must  be  tested  to  ensure  that 
there  are  no  surprises  that  may  affect  testing  results.  However,  assuming 
that  there  are  none  we  feel  that  the  MAS  will  greatly  enhance  the  predictive 
accuracy  of  FETAX  and  extend  the  utility  of  the  assay. 
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As  stated  in  the  USAMRDC  Broad  Agency  Announcement,  the  proposed  bioassay 
would  fall  under  the  area  of  Section  C.  Army  systems  hazards.  This  would 
include  both  health  hazards  of  military  material  (part  2)  and  military 
environmental  quality  (part  4).  Virtually  any  compound  or  mixture  that  is  or 
can  be  made  water  soluble  can  be  tested  by  FETAX  for  developmental  effects. 

FETAX  is  an  alternative  which  offers  some  short  and  long-term  solutions 
to  current  problems  associated  with  developmental  hazard  evaluation.  The 
problems  are:  increasing  regulatory  requirements,  test  cost,  test  duration, 
and  r  .e  reduction  in  the  use  of  mammals  in  research.  Existing  vivo 
mamrr  lian  test  systems  are  effective  for  the  testing  of  drugs  and  cosmetics 
but  re  too  lengthy  for  the  screening  of  water  samples  and  other  complex 
mixtures.  In  addition,  the  number  of  chemicals  in  production  which  require 
testing  is  increasing  at  a  faster  rate  than  is  feasible  to  handle  with  in 
vivo  test  systems.  Animal  rights  groups  have  increased  pressure  to  slow 
down  or  halt  the  use  of  mammalian  vivo  test  systems.  These  events 
have  produced  a  climate  which  favors  the  use  of  alternative  test  systems  for 
eventual  refinement,  reduction,  and  replacement  of  in  vivo  assays.  In  a 
study  conducted  for  NIH,  the  National  Academy  of  Sciences  recently  concluded 
that  the  development  and  use  of  lower  form  models  for  toxicity  testing  should 
be  emphasized  (29).  Tighter  restrictions  will  limit  the  use  of  in  vivo 
assays  and  increase  costs  associated  with  their  performance.  The  Office  of 
Technology  Assessment  for  the  United  States  Congress  has  recently  completed 
an  assessment  of  the  use  of  animals  in  testing,  research,  and  education  (30). 
Congressional  options  emanating  from  this  study  include  support  for  the 
further  development  and  use  of  vitro  test  systems  when  approprirte. 

Cos t-e  f f ec  t  iv a  ,  yet  deve lopmentally  relevant,  tests  are  urgently  needed 
to  allow  the  detection  of  developmental  toxicants  in  the  environment  and  to 
assess  the  developmental  toxicity  of  pure  compounds  and  drugs.  FETAX  offers 
the  advantage  of  detecting  the  toxicity  and  teratogenicity  of  complex 
environmental  mixtures  where  the  individual  action  of  each  component  may  be 
known  but  the  combined  action  cannot  be  predicted. 

Because  of  its  position  on  the  phylogenetic  scale,  Xenopus  provides 
the  highest  degree  of  developraentally  relevant  endpoints  compared  to  other 
in  vitro  ter atogenes  is  assays  such  as  cell  culture,  planarian,  fruitfly, 
and  Hydra  systems.  The  costs  of  performing  the  above  mentioned  tests  are 
similar,  except  for  cell  culture  which  is  higher.  Xenopus  can  be 
considered  a  high  c  oo’i  ec  t  i  v  i  t  y  model  due  to  the  amount  of  biological 
information  available  on  this  species  (29).  There  is  a  good  chance  that 
observations  made  on  this  species  can  be  connected  to  data  from  other 
organisms,  including  man.  Xenopus  has  been  a  standard  lab  animal  for 
numerous  developmental  studies  and  the  Xenopus  oocyte  is  a  commonly  used 
biomedical  model.  Consequently,  much  is  known  about  the  frog's  morphology, 
physiology,  and  biochemistry.  This  cannot  be  stated  for  many  of  the 
alternative  systems.  Xenopus  can  be  bred  throughout  the  year  and  provides 
numerous  offspring  in  order  to  facilitate  statistical  analysis.  Because 
development  is  external,  the  speed  of  data  collection  is  enhanced.  The  lack 
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of  a  placental  relationship  is  a  disadvantage,  but  this  problem  is  shared 
with  other  emerging  jjn  vitro  teratogenesis  assays. 

The  research  plan  we  followed  was  designed  to  improve  and  evaluate  the 
FETAX  system  and  to  critically  test  the  assumption  that  FETAX  can  adequately 
detect  mammalian  teratogens.  Successful  efforts  in  developing  a  reliable 
metabolic  activation  assay  for  Xenopus  embryos  may  provide  a  viable  adjunct 
to  _i_n^  vivo  mammalian  assays.  The  need  for  representative  metabolism  is 
considered  a  requirement  for  adequate  use  of  vitro  systems  in 
screening  potential  teratogens  (8).  A  bioactivation  system  improved  the 
predictive  capability  as  well  as  enhanced  the  usefulness  of  the  FETAX  test. 
The  assay  at  present  appears  capable  of  detecting  over  85%  of  the  teratogens 
from  a  moderate  group  of  chemicals  (including  proteratogens)  with  few  false 
positives.  Since  evidence  indicates  that  metabolic  activation  probably  plays 
a  role  in  t  e  r  a  t  ogene  s  is  (30,  31),  much  the  same  as  in  carcinogenesis,  the 
proposed  efforts  are  indeed  significant. 

Methods  of  Approach 

1.  Validation 


We  predict  that  FETAX  will  perform  at  the  85%  level  in  terms  of  its 
sensitivity  and  specificity  when  tested  with  compounds  whose  mammalian  and 
human  developmental  toxicity  are  known.  Controversy  does  exist  about  how 
best  to  conduct  validation  studies  in  this  area.  The  list  of  compounds 
published  by  Smith  et  al.  (22)  in  1983  has  merit  but  it  has  been  criticized 
by  many  as  being  too  small  and  weighted  toward  positives  likely  to  cause 
teratogenic  insult  in  virtually  all  species.  Additionally,  some  compounds 
were  listed  based  on  experiments  that  used  routes  of  administration  such  as 
inhalation.  We  feel  this  list  has  been  much  maligned  but  that  it  still  as  a 
reasonable  starting  point  for  a  validation  study  so  long  as  its  limitations 
are  accounted  for.  Marshall  Johnson  (32)  feels  that  in  vitro 
teratogenesis  testing  data  should  be  compared  to  segment  II  studies  performed 
with  rats.  This  idea  has  merit  but  many  of  these  studies  have  been  performed 
for  the  FDA  and  the  results  are  not  made  public.  Nigel  Brown  (33)  has 
recommended  that  testing  be  done  "in  the  blind"  and  we  have  done  this  for  the 
validation  compounds  listed  in  Table  1.  Lastly,  some  believe  that  the  only 
proper  method  of  comparing  the  predictive  accuracy  of  validation  studies  is 
to  perform  mammalian  tests  in  conjunction  with  in  vitro  tests.  Obviously 
this  is  the  method  of  cnoice  were  it  not  for  the  ruinous  cost  associated  with 
mammalian  tests  requiring  a  dose-response  effect.  In  selecting  compounds  for 
testing  we  consider  the  Smith  et  al.  list,  Shepard's  "Catalog  of  Teratogenic 
Agents"  (3A),  Segment  II  data  gleaned  from  the  literature  and  any  other 
studies  published  by  good  researchers  in  the  field  of  mammalian  teratology. 
This  is  a  compromise  approach  but  one  which  we  feel  has  been  successful  to 
date.  When  a  compound  fails  to  perform  as  expected  we  try  the  assay  again 
using  the  rat  liver  MAS  to  see  if  bioactivation  or  deactivation  affected 
results . 

No  rules  exist  as  to  how  many  compounds  need  to  be  tested  before  an  assay 
is  "acceptable"  to  regulatory  agencies.  The  Chernoff  mammalian  teratogenesis 
screen  has  been  tested  with  >  150  compounds  ( Se e : Te r a t ogen e s i s , 
Carcinogenesis  and  Mutagenesis  Vol.  7(1)).  FETAX  has  undergone  validation 
with  9  0  compounds  although  the  results  from  40  compounds  have  not  yet  been 
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published  by  Dumont  because  he  has  left  the  field  (J.N.  Dumont  personal 
communication).  Dumont  did  not  use  the  renewal  procedure  and  left  the  jelly 
coats  on  the  eggs.  These  differences  in  procedure  from  the  ASTM  guide 
necessitate  additional  testing  to  further  validate  the  test  using  the  same 
methodology.  The  standard  FETAX  protocol  has  been  provided  in  section  II  of 
the  Appendix.  Any  substantive  modifications  of  this  procedure  made  at  future 
ASTM  meetings  will  be  adopted  although  it  is  unlikely  that  this  will  occur 
based  on  the  results  of  the  first  subcommittee  ballot. 

Successful  validation  of  FETAX  using  the  compounds  proposed  will  allow 
its  use  as  an  vitro  t  e  r  a  t  ogene  s  is  screening  assay.  Final  acceptance 
of  the  assay  will  depend  on  a  high  degree  of  predictability  probably  at  the 
85%  level.  As  of  this  writing  FETAX  is  now  performing  at  this  level. 

Section  5  of  Results  and  Conclusions  (FETAX  Literature)  gives  “ne  details 
of  the  FETAX  Assay  in  ASTM  New  Standard  Guide  format. 

Solvent  Interaction  Study 


The  solvents  and  test  compounds  for  this  study  are  listed  in  Table  2.  To 
date  triethylene  glycol,  acetone  and  dimethyl  sulfoxide  are  among  the  best 
candidates  to  assist  in  solubilizing  nonpolar  compounds  so  that  they  can  be 
tested.  Triethylene  glycol  is  the  least  toxic  and  teratogenic  but  it  is  not 
as  good  a  solvent  as  the  other  two.  Acetone  is  a  good  solvent  but  its  TI  is 
slightly  high.  Dimethyl  sulfoxide  seems  to  be  the  best  solvent  available. 
In  previous  tests,  concentrations  of  solvent  at  the  NOEC  had  no  effect  on  the 
activity  of  the  ^  vitro  metabolic  activation  system  employing  rat  liver 
microsomes.  The  four  tests  compounds  listed  in  Table  2  have  beeti  used  to 
show  how  much  the  inclusion  of  solvent  to  the  FETAX  protocol  affects  test 
results.  Financial  support  for  finding  the  96~hr  LC50,  96~hr  EC50 
(malformation)  and  MCIG  for  each  compound  was  provided  from  another  source. 

Dose-Response  curves  for  mortality  and  malformation  have  been  derived  for 
each  test  compound  and  solvent.  Experiments  were  conducted  by  starting  at 
the  96-hr  LC25  and  EC25  (malformation)  for  each  test  compound.  One  series  of 
experiments  were  performed  at  the  highest  no  observable  effect  concentration 
(NOEC)  for  each  solvent.  A  second  series  of  experiments  were  performed  at 
the  96-hr  LC25  and  EC25  (malformation)  for  each  solvent  and  test  compound. 
The  appropriate  control  was  the  test  compound  in  water  only.  Positive 
interactions  between  the  solvent  and  test  compound  were  observed  and  were 
greater  than  simple  additive  effects.  If  there  was  a  negative  interaction, 
then  mortality,  malformation  and  growth  effects  would  be  less.  These 
negative  interactions  were  observed  in  this  study.  For  each  experiment  there 
were  four  dishes  of  25  embryos  each  in  FETAX  solution  as  controls.  Analysis 
of  data  and  statistics  were  as  previously  published  for  FETAX  interaction 
studies  (35). 

3.  Metabolic  activation 


We  are  trying  to  answer  the  question  of  whether  we  can  develop  and 
validate  an  i_n_  vitro  metabolic  activation  system  for  FETAX  using  Aroclor 
1254  induced  rat  liver  microsomes  that  closely  simulates  mammalian 
metabolism.  Although  it  will  not  be  the  same  type  of  metabolic  activation 
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system  as  found  in  humans,  it  should  be  close  enough  to  detect  most  mammalian 
and  human  proteratogens. 

The  "Atlas  of  Abnormalities"  (Section  5)  details  our  method  of  making 
raicrosomes  and  how  we  standardize  the  units  of  P-450  activity.  Now  that  we 
have  developed  this  method,  we  are  actively  engaged  in  validating  the  use  of 
these  microsomes  and  fine  tuning  the  procedure  for  maximum  efficiency.  We 
have  selected  an  additional  set  of  5  compounds  to  test  in  this  study.  Two 
compounds  require  activation  for  a  developmentally  toxic  effect,  two  are 
direct-acting  teratogens  and  a  third  compound  appears  to  be  a  negative  that 
is  not  activated  (Table  3).  Our  plan  is  to  perform  two  experiments  on  each 
compound  with  and  without  jji  vitro  metabolic  activation  system.  Because 
of  the  complexity  of  these  experiments  only  20  embryos  per  dish  were  used 
instead  of  the  standard  25.  Dose-response  curves  for  mortality  and 
malformation  were  compared  as  well  as  Teratogenic  Indices  (TIs).  The 
relative  changes  in  the  96-hr  LC  and  EC50s  indicated  whether  any 
bioactivation  or  inactivation  occurred.  Similarly,  growth  curves  can  be 
compared  to  determine  whether  metabolic  activation  was  required.  Compounds 
listed  on  Table  1  were  tested  using  the  v i tro  MAS  if  they  did  not 
perform  as  expected  in  the  standard  FETAX  assay.  In  these  cases  tests  were 
run  only  at  the  direct-acting  96-hr  LC  and  EC50  concentrations.  Increases  or 
decreases  from  the  50%  median  effect  levels  (mortality  and  malformation) 
served  as  an  indication  as  to  whether  the  microsome-treated  embryos  differed 
from  controls  due  to  metabolism. 

4.  Atlas  of  Abno"~malities 

The  manual  will  be  provided  to  the  Army,  Army  contractors  and  other 
individuals  gratis  until  the  supply  is  exhausted.  Postage  and  handling 
charges  will  be  the  only  cost  borne  by  the  new  user.  No  royalties  will 
accrue  to  the  PI. 

The  manual  covers  mating  the  frogs,  staging  of  embryos,  diseases  of 
adult  frogs  and  their  remedies  and,  lastly,  all  the  major  malformations. 
Particular  emphasis  was  placed  and  judging  slight  malformations  as  this 
affects  the  scoring  of  the  malformation  endpoint  the  greatest.  We  saved  all 
the  embryos  from  each  experiment  and  have  gone  through  them  looking  for  each 
different  type  of  malformation.  Color  negatives  were  made  and  all  of  the 
negatives  were  first  printed  in  black  and  white.  We  then  arranged  the  best 
micrographs  and  selected  which  need  to  be  presented  in  color  and  which  were 
presented  in  black  and  white.  These  micrographs  were  then  pasted  up  and  the 
legends  added.  Dr.  James  Dumont  and  our  COR,  Dr.  Robert  Finch,  then 
commented  on  each  chapter.  After  revisions,  the  Atlas  was  peer-reviewed  by 
the  Army.  Finally,  it  was  sent  to  the  publications  department  of  Oklahoma 
State  University  for  processing  and  printing. 

5.  Comparative  Sensitivity  of  FETAX 

In  this  study,  we  compared  FETAX  with  a  modified  fathead  minnow  assay. 
Previous  comparisons  of  FETAX  with  other  amphibian  and  fish  assays  were  all 
faulted  by  differing  environmental  conditions.  However,  in  order  for  FETAX 
to  be  compared  with  the  fathead  minnow  assay,  we  had  to  lengthen  the  test  to 
5  days.  We  also  had  to  establish  a  day/night  cycle  so  that  the  minnows  would 
hatch.  We  carefully  controlled  all  environmental  parameters.  Three 
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compounds  were  tested.  Each  of  these  had  previously  been  tested  in  the  four 
day  version  of  FETAX  so  we  knew  which  concentrations  to  use.  We  could  also 
assess  whether  the  5  day  TI  decreased  from  the  4  day  TI  (it  did).  Although 
other  fish  species  are  know  to  be  more  sensitive  than  fathead  minnows,  we 
feel  that  FETAX  will  be  at  least  as  sensitive  as  most  other  vertebrates  in 
use  today. 


'teble  1.  List  of  Test  Canpounds  used  for  FETAX  Validation. 
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l^blp  2.  List  of  Proposed  Test  Compounds  for  Determining  Possible  Solvent  Interaction  Effects. 
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Forword  to  the  Validation  Section 

We  have  divided  the  validation  section  into  four  phases.  Each  phase  was 
performed  by  a  different  investigator  who  worked  in  Dr.  Bantle's  laboratory. 
We  kept  the  data  separate  in  case  it  became  necessary  to  reanalyze  data  at  a 
later  date  due  to  possible  variation  in  judging  abnormalities.  Phase  I  was 
performed  by  P.K.  Work  with  help  form  Shirley  Bush.  Phase  II  was  conducted 
by  Donna  DeYoung  and  Phase  III  by  James  Rayburn.  Phase  IV  was  performed  by 
Lynne  Homer  with  help  from  Mendi  Hull.  Although  the  investigator  was 
different,  the  methodlology  employed  was  the  same  throughout  the  study. 
Typical  raw  data  summary  sheets  are  provided  at  the  end  of  the  validation 
section. 
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Results 

1.  Validation 

A.)  Phase  I 

Table  1  shows  the  validation  data  collected  to  date.  When  a  compound  is 
tested  in  FETAX,  range  finding  experiments  are  first  conducted  in  order  to 
determine  the  best  concentrations  of  toxicant  to  use  in  establishing 
mortality  and  malfonnatlon  dose -response  curves.  The  results  of  these  tests 
are  not  present  in  Table  1.  After  the  proper  concentration  ranges  are 
selected,  then  at  least  three  definitive  tests  are  performed  in  the  blind. 

In  practice,  Mr.  Doug  Fort  labeled  the  compounds  A,  B,  C,  etc.  and  handed 
them  to  the  technician  who  then  conducted  the  assay.  The  technician  worked 
under  high  hazard  containment  at  all  times  as  she  did  not  know  the  identity 
of  the  test  compound.  It  must  be  remembered  that  the  dose-response  curves 
presented  only  show  the  data  points  (50  embryos  per  data  point)  used  in 
constructing  the  dose-response  curve.  In  practice  there  were  many  additional 
concentrations  tested  in  each  experiment. 

The  compounds  selected  for  testing  were  Amaranth,  Aspartame, 

5-Az  ac  y t  id  i  ne  ,  Methotrexate  and  d-Psuedoephedr ine .  Based  on  the  mammalian 
literature,  5-Azacytidine  and  Methotrexate  were  thought  to  be  positives  while 
the  other  compounds  were  thought  to  be  negatives.  In  the  case  of 
Ps ue doe phe d r ine ,  the  in  vitro  metabolic  activation  system  was  used 
because  results  were  not  as  anticipated.  This  data  and  its  comparison  to 
controls  is  listed  in  the  last  ro  '  of  Table  1. 

Amaranth:  Amaranth  (Red  food  dye  #2)  is  a  compound  listed  by  Smith  et 

al.  (22).  It  has  generally  been  shown  to  be  a  nonteratogen  in  mammalian  and 
human  studies.  Shepard  (34)  lists  4  studies  on  Amaranth  with  only  one  report 
dissenting  from  the  conclusion  that  Amaranth  is  a  not  a  developmental 
toxicant.  Amaranth  is  compound  that  has  been  independently  tested  in  FETAX 
before  by  both  Sabourin  and  Faulk  (14)  and  James  Dumont  (Oak  Ridge  National 
Labs-per sona  1  communication).  They  found  that  Amaranth  was  a  negative  as 
well.  We  repeated  their  work  with  this  compound  in  order  to  estimate  the 
reliability  and  repeatability  of  FETAX  and  to  detect  any  co-validation 
problems  early  on  with  FETAX.  It  must  be  remembered  that  both  Sabourin  and 
Faulk  and  Dumont  both  performed  FETAX  slightly  differently  than  the  ASTM 
Guide . 

Table  1  shows  that  Amaranth  is  clearly  not  a  developmental  toxicant. 

The  average  TI  was  0.99  and  the  MCIG  (minimum  concentration  that 
statistically  inhibits  growth  at  P=0.05)  averaged  3.58.  This  was  even 
greater  than  the  average  LC50  of  3.39.  Development  toxicants  generally 
inhibit  growth  at  concentrations  far  less  than  the  96-hr  LC50.  Figures  1,  3 
and  5  show  the  dose-response  curves  for  all  three  definitive  experiments. 

While  not  s  upe  r  irapos  able ,  it  is  clear  that  the  results  pointed  to  the  same 
conclusion.  Figures  2,  4  and  6  show  that  there  is  little  effect  on  growth 
regardless  of  the  concentration  used.  Plates  lA  and  IB  show  micrographs  of 
larvae  exposed  to  Amaranth  continuously  for  96  hr.  Plate  1  is  blurred 
slightly  because  this  micrograph  was  taken  before  we  got  a  vibration  mount 
for  our  photomacroscope.  Nonetheless,  the  micrographs  show  that  only 
concentrations  well  above  the  96-hr  LC50  cause  malformation.  Strong 
teratogens  affect  development  at  concentrations  far  below  the  96-hr  LC50. 

Even  at  high  Amaranth  concentrations,  the  malformation  are  not  severe.  We 
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AMARANTH  I 


CONCENTRATION  (UG/UL) 

Figure  1.  96-h  Mortality  and  Malformation  Dose-Response  Cur/es  for  Amaranth, 

Defintitive  Test  #1.  The  curve  includes  only  those  points  used  in  producing 
the  do  s  e -re  s  pon  s  e  curve  although  other  concentrations  were  tested  as  well 
(See:  Appendix).  Each  point  represents  50  embryos  for  each  concentration. 
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Figure  2.  96-h  Growth  Dose-Response  Curve  for  Amaranth,  Defintitive  Test  #1. 

The  plot  shows  the  %  of  control  versus  the  %  of  the  96-h  LC50.  Strong 
teratogens  often  cause  reduction  in  growth  at  very  low  percentages  and  the 
slope  of  the  line  is  very  steep.  A  strong  teratogen  can  cause  embryos  to 
become  only  45%  of  control  length  at  '  igh  concentrations. 
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AMARANTH  II 


CONCENTRATION  (UG/UL) 

Figure  3.  96-h  Mortality  and  Malformation  Dose-Response  Curves  for  Amaranth, 

Defintitive  Test  #2.  The  curve  includes  only  those  points  used  in  producing 
the  do s e -re s  pon s e  curve  although  other  concentrations  were  tested  as  well 
(See:  Appendix).  Each  point  represents  50  embryos  for  each  concentration. 
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Figure  4.  96-h  Growth  Dose-Response  Curve  for  Amaranth,  Defintitive  Test  #2. 

The  plot  shows  the  %  of  control  versus  the  %  of  the  96-h  LC50.  Strong 
teratogens  often  cause  reduction  in  growth  at  very  low  percentages  and  the 
slope  of  the  line  is  very  steep.  A  strong  teratogen  can  cause  embryos  to 
become  only  45^  of  control  length  at  high  concentrations. 
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AMARANTH  3 


Figure  5.  96-h  Mortality  and  Malformation  Dose-Response  Curves  for  Amaranth, 

Defintitive  Test  #3.  The  curve  includes  only  those  points  used  in  producing 
the  do se -re s  pon se  curve  although  other  concentrations  were  tested  as  well 
(See:  Appendix).  Each  point  represents  50  embryos  for  each  concentration. 


PERCENT  MEAN  CONTROL  LENGTH 


Bantle,  John  A. 


page  25 


AMARANTH  3 


Figure  6.  96-h  Growth  Dose-Response  Curve  for  Amaranth,  Defintitive  Test  #3. 

The  plot  shows  the  7,  of  control  versus  the  7,  of  the  96-h  LC50.  Strong 
teratogens  often  cause  reduction  in  growth  at  very  low  percentages  and  the 
slope  of  the  line  is  very  steep.  A  strong  teratogen  can  cause  embryos  to 
become  only  45%  of  control  length  at  high  concentrations. 


Plate  lA.  Effects  of  Different  Concentrations  of  Amaranth  on 
Xenopus  Development.  Control  embryos  achieved  Stage  46  at  the  end 
of  the  96  h  exposure  period.  Ventral  view  presented  to  show  effect 
on  gut  coiling.  From  top  to  bottom:  control,  2.5  mg/ml,  4.25  mg/ml, 
5  rag/ml . 


Plate  IB.  Effects  of  Different  Concentrations  of  Amaranth  on 
Xenopus  Development.  Control  embryos  achieved  Stage  46  at  the  end 
of  the  96  h  exposure  period.  Side  view  presented  to  show  effect  on 
brain,  eye  and  spinal  cord.  From  top  to  bottom:  control,  2.5  rag/ral , 
4.25  rag/ral,  5  mg/ral . 
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Aspartame:  (Nutrasweet-  an  artificial  sweetner)  is  another  water 
soluble  compound  that  is  not  a  developmental  toxicant  (34).  It  is  not  on  the 
Smith  list.  Table  1  shows  that  is  was  essentially  nontoxic  even  at 
concentrations  approaching  its  limit  of  solubility  in  water.  In  the  third 
definitive  experiment,  we  were  able  to  derive  a  TI  of  1.1  for  Aspartame  by 
extrapolating  the  data  to  the  50%  effect  levels.  This  result  is  compatible 
with  the  shapes  of  the  mortality  and  malformation  dose-response  curves  seen 
in  Figures  7,  9  and  11.  The  slope  of  the  dose-response  curve  is  very  gradual 
and  the  two  curves  are  very  close  to  one  another.  All  three 
growth-inhibition  curves  (Figs.  8,  10  and  12)  are  consistent  and  suggest  that 
while  growth  inhibition  with  Aspartame  is  greater  than  Amaranth,  it  is  still 
not  a  serious  growth  inhibitor.  Plate  2B  shows  that  Aspartame  does  cause 
more  severe  malformations  than  Amaranth.  However,  it  does  take  high 
concentrations  around  7-8  mg/ml  to  cause  these  malformations.  When  they 
occur,  virtually  all  organ  systems  of  the  body  are  affected  with  equal 
frequency.  Rupture  of  the  eye  is  common  at  the  higher  concentrations. 
Cardiac  and  gut  malformations  are  common  over  wide  concentration  ranges  but 
curvature  of  the  spine  seems  to  occur  only  at  the  highest  concentrations. 
Aspartame  is  still  a  negative  because  of  its  low  TI  and  its  limited  effect  on 
development  but  it  is  more  embryotoxic,  teratogenic  and  growth  inhibiting 
than  Amaranth. 
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Figure  7.  96-h  Mortality  and  Malformation  Dose-Response  Curves  for  Aspartame 

Defintitive  Test  #1.  The  curve  includes  only  those  points  used  in  producing 
the  dose-response  curve  although  other  concentrations  were  tested  as  well 
(See:  Appendix).  Each  point  represents  50  embryos  for  each  concentration. 
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CONCENTRATION  (MG/ML) 


Figure  8.  96-h  Growth  Dose-Response  Curve  for  Aspartame  Defintitive  Test  #1 . 

The  plot  shows  the  %  of  control  versus  the  X  of  the  96-h  LC50.  Strong 
teratogens  often  cause  reduction  in  growth  at  very  low  percentages  and  the 
slope  of  the  line  is  very  steep.  A  strong  teratogen  can  cause  embryos  to 
become  only  45%  of  control  length  at  high  concentrations. 
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Figure  9.  96-h  Mortality  and  Malformation  Dose-Response  Curves  for  Aspartame 

Defintitive  Test  #2.  The  curve  includes  only  those  points  used  in  producing 
the  do  se -re  s  ponse  curve  although  other  concentrations  were  tested  as  well 
(See:  Appendix).  Each  point  represents  50  embryos  for  each  concentration. 
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Figure  10.  96-h  Growth  Dose-Response  Curve  for  Aspartame  Defintitive  Test  #2. 
The  plot  shows  the  %  of  control  versus  the  %  of  the  96-h  LC50.  Strong 
teratogens  often  cause  reduction  in  growth  at  very  low  percentages  and  the 
slope  of  the  line  is  very  steep.  A  strong  teratogen  can  cause  embryos  to 
become  only  45%  of  control  length  at  high  concentrations. 
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Figure  11,  96-h  Mortality  and  Malformation  Dose-Response  Curves  for  Aspartame 
Defintitive  Test  #3.  The  curve  includes  only  those  points  used  in  producing 
the  dose-response  curve  although  other  concentrations  were  tested  as  well 
(See:  Appendix).  Each  point  represents  50  embryos  for  each  concentration. 
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Figure  12.  96-h  Growth  Dose-Response  Curve  for  Aspartame  Defintitive  Test  #3. 
,The  plot  shows  the  %  of  control  versus  the  %  of  the  96-h  LC50.  Strong 
teratogens  often  cause  reduction  in  growth  at  very  low  percentages  and  the 
slope  of  the  line  is  very  steep.  A  strong  teratogen  can  cause  embryos  to 
become  only  45%  of  control  length  at  high  concentrations. 
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Plate  2B.  Effects  of  Different  Concentrations  of  Aspartame  on 
Xenopus  Development.  Control  embryos  achieved  Stage  46  at  the  end 
of  the  96  h  exposure  period.  Side  view  presented  to  show  effect  on 
brain,  eye  and  spinal  cord.  From  top  to  bottom:  control,  medium 
concentration,  high  concentration  and  very  high  concentration  (near 
total  dead) . 
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5“Azacy tidine :  5-Azacytidine  is  a  potent  teratogen  (34,  36)  because  it 
is  an  inhibitor  of  nucleic  acid  synthesis  (9).  It  is  not  on  th.i  Smith  list 
but  it  causes  effects  similar  to  hydroxyurea  and  5-Fluorouracil .  The  latte." 
two  compounds  are  on  the  Smith  list  as  strong  developmental  toxicants  in 
animals.  We  did  have  some  difficulty  is  performing  definitive  tests  with 
this  compound.  Table  1  shows  that  we  were  consistent  in  obtaining  96-hr  LC50 
values  but  that  we  did  have  problems  scoring  malformations  at  certain 
concentrations  and  that  there  was  some  variability  in  effect  for  this 
endpoint.  The  TI  ranged  from  a  low  of  9  to  a  high  of  42  indicative  of  a 
strong  teratogen  (Table  1).  Figures  13,  15  and  17  show  mortality  and 
malformation  dose-response  curves  for  S-Azacy tidine .  The  mortality  curve  is 
clearly  separate  from  the  malformation  curve  and  the  fit  of  the  data  points 
is  excellent.  This  separation  of  the  curves  indicates  the  teratogenicity  of 
5-Aza cytidine .  The  , ffect  of  S-Azacy tidine  on  growth  is  shown  in  Figures  14, 
16,  and  18. 

The  growth  inhibition  curves  shown  in  Figs.  16  and  18  are  nearly 
identical  while  Fig  14.  is  still  consistent  with  the  other  two  graphs.  All 
suggest  that  5-Azacy t idine  is  a  strong  teratogen  because  there  is  a 
significant  growth  reduction  at  concentrations  that  are  less  than  20%  of  the 
96-hr  LC50,  a  sharp  slope  in  the  curve  and  a  greater  than  20%  decrease  in 
body  length  at  the  highest  concentrations.  All  of  these  are  good  indicators 
of  a  strong  developmental  toxicant  that  can  inhibit  growth. 

Plates  3A-5B  show  the  effect  of  5-Azacytidine  on  embryo  develooment. 
All  major  organ  systems  seem  to  be  equally  involved  and  the  malformations 
even  at  relatively  low  concentrations  (Plate  3B-0.06  mg/ral) .  There  are  few 
eye  malformations  apd  pigmentation  of  the  eye  appears  normal.  There  may  be  a 
slight  tendency  towards  failure  of  the  ventral  choroid  fissure  to  fuse. 
There  is  a  size  reduction  of  the  eye  but  it  is  correlated  to  body  length  so 
it  is  not  abnormal.  There  is  a  consistent  upward  bend  to  the  tail  (Plates 
3A,  4B  and  5A).  The  tendency  towards  severe  malformations  being  caused  at 
low  concentrations  of  toxicant  is  consistent  with  the  hypothesis  that 
5-Azacytidine  is  a  strong  teratogen. 
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Figure  13.  96-h  Mortality  and  Malformation  Dose-Response  Curves  for 
S-Aza cy  t  id ine  Definitive  Test  #1.  The  curve  includes  only  those  points  used 
in  producing  the  dose-response  curve  although  other  concentrations  were 
tested  as  well  (See:  Appendix).  Each  point  represents  50  embryos  for  each 
concentration . 
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Figure  14.  96-h  Growth  Dose-Response  Curve  for  5-Azacytidine  Definitive  Test 
#1,  The  plot  shows  the  %  of  control  versus  the  %  of  the  96-h  LC50.  Strong 
teratogens  often  cause  reduction  in  growth  at  very  low  percentages  and  the 
slope  of  the  line  is  very  steep.  A  strong  teratogen  can  cause  embryos  to 
become  only  45%  of  control  length  at  high  concentrations. 
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Figure  15.  96-h  Mortality  and  Malformation  Dose -Re s pons e  Curves  for 
S-Azacy  t  idine  Definitive  Test  #2.  The  curve  includes  only  those  points  used 
in  producing  the  dose -re  s  pon  se  curve  although  other  concentrations  were 
tested  as  well  (See:  Appendix).  Each  point  represents  50  embryos  for  each 
concentration . 
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Figure  16.  96-h  Growth  Dose-Response  Curve  for  5-Azacytidine  Definitive  Test 
#2.  The  plot  shows  the  %  of  control  versus  the  %  of  the  96-h  LC50.  Strong 
teratogens  often  cause  reduction  in  growth  at  very  low  percentages  and  the 
slope  of  the  line  is  very  steep.  A  strong  teratogen  can  cause  embryos  to 
become  only  45%  of  control  length  at  high  concentrations. 
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Figure  17.  96-h  Mortality  and  Malformation  Dose-Response  Curves  for 
S-Azacy t idine  Definitive  Test  #3.  The  curve  includes  only  those  points  used 
in  producing  the  do se -re s pons e  curve  although  other  concentrations  were 
tested  as  well  (See;  Appendix).  Each  point  represents  50  embryos  for  each 
concentrat ion . 
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Figure  18.  96-h  Growth  Dose-Response  Curve  for  5-Azacytidine  Definitive  Test 
#3.  The  plot  shows  the  %  of  control  versus  the  %  of  the  96-h  LC50,  Strong 
teratogens  often  cause  reduction  in  growth  at  very  low  percentages  and  the 
slope  of  the  line  is  very  steep.  A  strong  teratogen  can  cause  embryos  to 
become  only  45%  of  control  length  at  high  concentrations. 


Plate  3A.  Effects  of  Different  Concentrations  of  S-Azacytidine  on 
Xenopus  Development.  Control  embryos  achieved  Stage  46  at  the  end 
of  the  96  h  exposure  period.  Side  view  presented  to  show  effect  on 
brain,  eye  and  spinal  cord.  From  top  to  bottom:  control,  0.06  rag/ml , 
0.3  mg/ml,  0.8  mg/ml. 


Plate  3B.  Effects  of  a  Low  Concentration  of  5-Azacytidine  on 
Xenopus  Development.  Control  embryos  achieved  Stage  46  at  the  end 
of  the  96  h  exposure  period.  Enlarged  side  view  presented  to  show 
effect  on  brain  and  eye  region.  Embryo  exposed  to  0.06  rag/ml 
S-Azacytidine . 
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Plate  4A.  Effects  of  a  Medium  Concentration  of  5-Azacytidine  on 
Xeno pus  Development.  Control  embryos  achieved  Stage  46  at  the  end 
of  the  96  h  exposure  period.  Enlarged  side  view  presented  to  show 
effect  on  brain  and  eye  region.  Embryo  exposed  to  0.3  mg/ml 
5-Azacytidine . 


Plate  4B.  Effects  of  a  High  Concentration  of  5~Azacy tidine  on 
Xeno  pus  Development.  Control  embryos  achieved  Stage  46  at  the  end 
of  the  96  h  expv.  ure  period.  Enlarged  side  view  presented  to  show 
effect  on  brain  and  eye  region.  Embryo  exposed  to  0.8  rag/ml 
5-Azacytidine . 
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Methotrexate:  Methotrexate  is  a  non-variable  positive  teratogen  that 
acts  as  a  folic  acid  antagonist  and  a  nucleic  acid  synthesis  inhibitor.  It 
is  listed  on  the  Smith  list  (22)  as  a  positive  in  both  human  and  animal 
studies.  This  assessment  is  confirmed  by  all  of  the  citations  listed  in 
Shepard  (34).  Sabourin  and  Faulk  (14)  obtained  a  TI  between  1.6-2. 5  in  FETAX 
while  Dumont  obtained  a  TI  of  5.94.  We  obtained  a  TI  of  43  in  the  first 
range  test  and  23  in  the  first  definitive.  We  just  completed  a  second 
definitive  test  on  Methotrexate  this  week  and  obtained  a  TI  of  17  with 
excellent  dose-response  data.  These  values  are  higher  than  that  of  Dumont 
who  reported  a  TI  5.94  for  methotrexate.  Figures  19  and  21  show  the 
mortality  and  malformation  dose-response  curves  for  Methotrexate.  The  curve 
for  Fig  19  is  a  range  finder  so  the  points  on  the  curve  are  few  in  number  and 
widely  separated.  The  indication  is  clear  from  both  Figures  that  there  is  a 
wide  separation  between  the  two  curves.  This  separation  is  borne  out  by  the 
high  TI  value  and  suggests  that  Methotrexate  is  a  strong  teratogen. 

Growth  inhibition  by  Methotrexate  is  shown  in  Figs.  20  and  22.  As  in 
the  case  of  5-Azacy  t  id  ine  ,  there  is  a  significant  growth  reduction  at 
concentrations  that  are  less  than  20%  of  the  96-hr  LC50,  a  sharp  slope  in  the 
curve  and  a  greater  than  20%  decrease  in  body  length  at  the  highest 
concentrations.  All  of  these  characteristics  are  good  indicators  of  a  strong 
developmental  toxicant  that  can  inhibit  growth. 

Plate  6A  and  B  shows  the  effect  of  both  medium  and  high  concentrations 
of  Methotrexate  on  Xenopus  development  at  96  hr.  As  is  true  for  most 
inhibitors  of  nucleic  acid  synthesis,  most  of  the  organs  of  the  body  are 
affected.  The  eyes  do  not  suffer  great  effects  but  reduced  head  size  is 
apparent  along  with  facial  malformations.  Cardiac  malformations  are  common 
as  is  raiscoiling  of  the  gut.  Plate  6B  shows  are  very  abnormal  looking  embryo 
exhibiting  an  upward  kinked  tail  and  disrupted  myomeres. 


page  46 


Bantle,  John  A. 


Figure  19.  96-h  Mortality  and  Malformation  Dose-Response  Curves  for 
Methotrexate  Range  Test  #1.  The  curve  includes  only  these  points  used  in 
producing  the  dose-response  curve  although  other  concentrations  were  tested 
as  well  (See:  Appendix),  Each  point  represents  50  embryos  for  each 
concentration. 
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Figure  20  .  96-h  Growth  Dose-Response  Curve  for  Methotrexate  Range  Test  #1. 
The  plot  shows  the  X  of  control  versus  the  %  of  the  96-h  LC50.  Strong 
teratogens  often  cause  reduction  in  growth  at  very  low  percentages  and  the 
slope  of  the  line  is  very  steep.  A  strong  teratogen  can  cause  embryos  to 
become  only  45%  of  control  length  at  high  concentrations. 


page  48 


Bantle,  John  A. 


COMPOUND  Cl 


Figure  21.  96-h  Mortality  and 
Methotrexate  Definitive  Test  #1. 
in  producing  the  do se -re s pon se 
tested  as  well  (See:  Appendix), 
concentration . 
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Figure  22  .  96-h  Growth  Dose-Res i-onse  Curve  for  Methotrexate,  Definitive  Test 
#1.  The  plot  shows  the  %  of  control  versus  the  X  of  the  96-h  LC50.  Strong 
teratogens  often  cause  reduction  in  growth  at  very  low  percentages  and  the 
slope  of  the  line  is  very  steep.  A  strong  teratogen  can  cause  embryos  to 
become  only  45%  of  control  length  at  high  concentrations. 


Plate  6A.  Effects  of  a  Medium  Concentration  of  Methotrexate  on 
Xenopus  Development.  Control  embryos  achieved  Stage  46  at  the  end 
of  the  96  h  exposure  period.  Enlarged  side  view  presented  to  show 
th'.  effect  on  brain  and  eye  region.  Embryo  exposed  to  0.05  mg/ml 
Metliotrexate . 


Plate  6B.  Effects  of  a  High  Concentration  of  Methotrexate  on 
Xenopus  Development.  Control  embryos  achieved  Stage  46  at  the  end 
of  the  96  h  exposure  period.  Enlarged  side  view  presented  to  show 
the  effect  on  brain  and  eye  region.  Embryo  exposed  to  0.5  mg/ml 
Methotrexate . 
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d~Pseudoephedr  ine :  The  reports  listed  in  Shepard  (34)  suggested  that 
d-Pseudoephedrine  was  a  negative.  While  Epinephrine,  a  related  compound,  was 
a  developmental  toxicant,  Ephedrine,  a  compound  more  closely  related  to 
d-Pseudoephedrine ,  did  not  share  this  developmental  toxicity.  Table  1  shows 
that  without  metabolic  activation  (first  listing)  the  mean  TI  for 
d-Pseudoephedrine  was  1.8.  We  consider  a  compound  having  a  TI  value  over  1.5 
to  have  developmental  toxicity  and  all  three  TI  values  listed  in  Table  1  are 
above  1.5.  Additionally,  the  96-hr  LC  and  EC50  values  are  very  close  to  one 
another  indicating  that  we  were  able  to  precisely  repeat  these  experiments. 
The  three  mo r t a  1 i t y -ma 1 f orma t i on  curves  (Figs.  23  ,  25  ,  and  27)  for 
d-Pseudoephedrine  clearly  show  separation  between  them.  The  excellent  fit  of 
the  data  points  indicated  that  the  regression  lines  accurately  reflected  the 
do s  e  -  re s  po  n s e  curve.  When  we  obtain  results  that  were  not  anticipated,  we 
utilize  our  iji^  vitro  metabolic  activation  system  employing  rat  liver 
microsomes.  The  second  listing  for  d-Pseudoephedrine  shows  the  results  from 
a  limited  series  of  experiments.  Without  metabolic  activation,  we 
essentially  repeated  the  results  of  the  first  three  experiments.  The  number 
of  data  points  did  not  allow  us  to  confidently  predict  the  TI.  With 
metabolic  activation  all  of  the  mortality  and  malformation  was  eliminated 
following  d-Pseudoephedrine  exposure.  We  interpret  this  data  to  mean  that 
d-Pseudoephedrine  would  not  pose  any  particular  problems  in  in  vivo 
mammalian  experiments. 

Figures  24,  26  and  28  show  the  grow  inhibition  data  for 

d-Pseudoephedrine.  The  shape  of  the  curve  is  consistent  for  either 
nonteratogen  or  a  weak  teratogen.  Over  the  first  20%  of  the  96-hr  LC50  the 
growth  inhibition  is  much  less  than  20%.  The  slope  is  not  too  steep  compared 
to  Figure  22  for  Methotrexate.  The  overall  maximum  reduction  in  growth  for 
d-Pseudoephedrine  is  about  30-35%.  This  is  more  typical  of  a  weak  teratogen 
than  a  nonteratogen.  All  three  growth  inhibition  curves  are  nearly 
superimposable  indicating  good  precision  in  the  data. 

Plates  7  and  8  show  the  effects  of  different  d-Pseudoephedrine 
concentrations  on  Xenopus  development  after  96  hr  of  exposure.  Plate  7A 
shows  typical  embryos  from  three  separate  concentrations  of  d-Pseudoephedrine 
and  a  control  embryo  (top).  The  embryo  from  the  0.25  mg/ml  concentration 
shows  the  effects  seen  at  about  the  96  hr  EC50  (malformation)  (Plate  7b). 
This  embryo  exhibits  moderate  malformations  particularly  in  the  head  and  face 
regions  and  this  was  typical  of  most  of  the  malformed  embryos.  Other  typical 
malformations  in  the  concentration  range  were  loose  gut  coiling  and  cardiac 
edema.  Many  embryos  showed  blisters  as  well.  In  higher  concentrations  these 
same  abnormalities  still  dominated  except  that  they  were  more  severe.  Plates 
8A  and  8B  show  the  more  severe  malformations  that  occur  at  higher 
concentrations.  Note  that  8A  shows  an  embryo  that  exhibits  failure  of  the 
choroid  fissure  of  the  eye  to  fuse  at  the  ventral  aspect.  Ocular  and  cardiac 
edema  are  apparent.  Plate  8B  shows  a  ventral  view  of  an  embryo  near  the 
96-hr  LC5C.  The  gut  is  distended  and  not  well  coiled.  Ocular  edema  is 
obvious  and  there  are  blisters  near  the  anus. 

In  summary,  d-Pseudoephedrine  is  a  weak  to  moderate  teratogen  unless 
there  is  metabolic  breakdown  present.  It  then  rapidly  loses  much  of  its 
emb r  y  0  t ox  i  c  i  t y  and  teratogenicity.  Without  the  metabolic  activation  system 
d-Pseudoephedrine  would  have  been  scored  as  a  false  positive  in  FETAX. 
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Figure  23.  96-h  Mortality  and  Malformation  Dose-Response  Curves  for 
Ps  uedoephedr  ine  Definitive  Test  #1.  The  curve  includes  only  those  points 
used  in  producing  the  dose-response  curve  although  other  concentrations  were 
tested  as  well  (See:  Appendix).  Each  point  represents  50  embryos  for  each 


concentration. 
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Figure  24  .  96-h  Growth  Dose-Response  Curve  for  Psuedoephedrine  Definitive, 
Test  #1.  The  plot  shows  the  %  of  control  versus  the  %  of  the  96-h  LC50. 
Strong  teratogens  often  cause  reduction  in  growth  at  very  low  percentages  and 
the  slope  of  the  line  is  very  steep.  A  strong  teratogen  can  cause  embryos  to 
become  only  45%  of  control  length  at  high  concentrations. 
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Figure  25.  96-h  Mortality  and  Malformation  Dose-Response  Curves  for 
Psuedoephedr  ine  Definitive  Test  #2.  The  curve  includes  only  those  points 
used  in  producing  the  dose-response  curve  although  other  concentrations  were 
tested  as  well  (See:  Appendix).  Each  point  represents  50  embryos  for  each 
concentration . 
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Figure  26  .  96-h  Growtn  Dose-Response  Curve  for  Psuedoephedr ine  Definitive 
Test  #2.  The  plot  shows  the  %  of  control  versus  the  %  of  the  96-h  LC50. 
Strong  teratogens  often  cause  reduction  in  growth  at  very  low  percentages  and 
the  slope  of  the  line  is  very  steep.  A  strong  teratogen  can  cause  embryos  to 
become  only  45%  of  control  length  at  high  concentrations. 
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Figure  27.  96-h  Mortality  and  Malformation  Dose-Response  Curves  for 
Psuedoephedr  ine  Definitive  Test  #3.  .  The  curve  includes  only  those  points 
used  in  producing  the  dose-response  curve  although  other  concentrations  were 
tested  as  well  (See;  Appendix).  Each  point  represents  50  embryos  for  each 
concentrat ion . 
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Figure  28  .  96-h  Growth  Dose-Respcnse  Curve  for  Psuedoephedrine  Definitive 
Test  #3.  .  The  plot  shows  the  %  of  control  versus  the  %  of  the  96-h  LC50. 
Strong  teratogens  often  cause  reduction  in  growth  at  very  low  percentages  and 
the  slope  of  the  line  is  very  steep.  A  strong  teratogen  can  cause  embryos  to 
become  only  45%  of  control  length  at  high  concentrations. 
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Place  7A.  Effects  of  Different  Concentrations  of  Pseudoephedrine  on 
Xenopus  Development.  Control  embryos  achieved  Stage  46  at  Che  end 
of  the  96  h  exposure  period.  Side  view  presented  to  show  effect  on 
brain,  eye  and  spinal  cord.  From  top  to  bottom:  control,  0,25  mg/ml, 
0.3  mg/ml ,  0.5  nig/ml . 
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Place  7S.  Effects  of  a  Low  Concentration  of  Pseudoephedrine  on 
Xenopus  Development.  Control  embryos  achieved  Stage  46  at  the  end 
of  Che  96  h  exposure  period.  Enlarged  side  view  presented  to  show 
the  effect  on  brain  and  eye  region.  Embryo  exposed  to  0.25  mg/ml 
Pseudoephedrine . 
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Plate  8A.  Effects  of  a  Medium  Concentration  of  Pseudoephedrine  on 
Xeno pus  Development,  Control  embryos  achieved  Stage  46  at  the  end 
of  the  96  h  exposure  period.  Enlarged  side  view  presented  to  show 
the  effect  on  brain  and  eye  region.  Embryo  exposed  to  0.3  mg/ml 
Pseudoephedrine. 


Xenopus  Development.  Control  embryos  achieved  Stage  46  at  the  end 
of  the  96  h  exposure  period.  Enlarged  ventral  view  presented  to  show 
the  effect  on  brain  and  eye  region.  Embryo  exposed  to  0.5  mg/ml 
Pseudoephedrine . 
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B.  Phase  II 


Results 


Validation 


The  developmental  toxicity  of  five  compounds  was  evaluated  with  the  Frog 
Embryo  Teratogenesis  Assay;  xenopus  (FETAX)  and  the  results  were  compared 
to  mammalian  literature.  Small  cell  xenopus  laevis  blastulae  were  exposed  to 
ascorbic  acid,  sodium  selenate,  coumarin,  serotonin  and  13-cis  retinoic  acid  for 
96  hr.  Three  separate  static-renewal  assays  were  conducted  for  each  compound. 
Teratogenic  potential  of  the  test  materials  was  determined  based  on  Teratogenic 
Index  values  [TI=LC50/EC50  (malformation)],  types  and  severity  of  induced 
malformations  and  embryo  growth.  Ascorbic  acid  had  little  or  no  teratogenic 
potential.  Sodium  selenate  and  coumarin  tested  as  having  moderately  positive 
teratogenic  potential.  Serotonin  scored  as  having  moderately  strong  teratogenic 
potential  and  13-cis  retinoic  acid  scored  as  having  strong  teratogenic  potential. 
Results  were  consistent  with  mammalian  data  and  support  the  use  of  FETAX  for 
the  screening  of  developmental  toxicants. 

At  least  one  range  and  three  definitive  concentration-response  tests  were 
conducted  for  each  compound.  Tests  run  separately  by  different  technicians 
were  analyzed  together  statistically.  The  pH  of  all  co  npounds  tested  was 
between  7.0  and  8.0.  Throughout  the  test  embryos  were  cultured  at  24°  C  ± 

Final  results  from  the  definitive  tests  with  FETAX  are  presented  in  Thble  4 . 

Representative  concentration-response  and  growth-inhibition  curves  for  the 
five  compounds  are  illustrated  in  Figures  1  and  2,  respectively. 

In  this  investigation  the  FETAX  solution  control  mortality  and  malforma¬ 
tion  rates  were  44  of  1300  (3.4%)  and  72  of  the  1256  survivors  (5.7%), 
respectively.  Control  data  for  dimethyl  sulfoxide,  the  solvent  used  in  the  testing 
of  coumarin,  was  1  of  130  (0.8%)  for  mortality  and  5  of  129  survivors  (3.8%) 
for  malformation.  Acceptable  rates  of  control  mortality  and  malformation  are 
generally  <10%. 

FETAX  determines  teratogenic  potential  by  comparing  TI  values, 
embryo  growth,  and  the  type  and  severity  of  induced  malformations.  In 
general,  TI  values  <  1.5  indicate  low  teratogenic  potential  and  higher  values 
indicate  an  increase  in  the  potential  hazard.^’^’®'*^  vVith  higher  TI  values,  the 
mortality  and  malformation  dose-response  curves  become  separated  and  the 
potential  for  the  production  of  deformed  embryos  in  the  absence  of  lethality 
increases^. 

In  this  investigation  ascorbic  acid  exhibited  an  overlapping  of  the 
curves  as  presented  in  Figure  2 9. It  is,  therefore,  considered  embryolethal  at 
high  concentrations  and  is  not  a  potential  teratogen.  Sodium  selenate  and 
coumarin  represent  compounds  with  increasing  separation  of  the  curves  and 
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TABLE  4. 

Developmental  Toxicity  of  Five  Compounds  Tested  with  FETAX 


Compound  Test#  LCSO^  ££50*  U  MCIG^  HCIGC 


Ascorbic  acid 

1 

19.2  11.6 

(17.8-20.7)  (10.2-13.2) 

1.7 

10.0 

52 

CAS  50-81-7 

2 

20.3  12.8 

(18.7-21.9)  (12.4-13.3) 

1.6 

10.0 

49 

3 

19.6  12.0 

(18.9-20.3)  (10.4-13.8) 

1.6 

10.0 

51 

Sodium  selenate 

1 

0.017  0.006 

(0. 016-0. 017)(0. 002-0. 013) 

3.0 

0.014 

82 

CAS  13410-10-0 

2 

0.019  0.007 

(0. 017-0. 019)(0. 006-0. 008) 

2.8 

0.006 

32 

3 

0.027  0.009 

(0. 026-0. 029)(0. 006-0. 012) 

3.1 

0.008 

30 

Coumarin 

1 

0.15  0.038 

(0.14-0.15)  (0.025-0.059) 

4.0 

0.01 

7 

CAS  91-64-5 

2 

0.14  0.038 

(0.13-0.14)  NA 

3.5 

0.05 

36 

3 

0.10  0.045 

NA  (0.037-0.055) 

2.2 

0.04 

40 

Serotonin 

1 

2.74  0.35 

(2.55-2.93)  (0.19-0.66) 

7.8 

0.25 

9 

CAS  153-98-C 

2 

3.27  0.39 

(3.18-3.36)  (0.21-0.72) 

8.4 

0.60 

18 

3 

3.21  0.48 

NA  (0.43-0.54) 

6.7 

1.00 

3 

13-cis  Retinoic  ,  , 

acid 

CAS  4759-48-2 

1 

37x10*®^  3x10*'’^ 

(25-57x10-^)  (2-3x10-®) 

18.8 

7x10'° 

19 

2 

18x10'®  2x10'® 

(16-22x10-®)  (1-3x10-®) 

9.2 

20x10'® 

NA 

3 

36x10'®^  4x10'®^ 

(34-37x10-®)  (3-4x10-®) 

10.1 

10x10'® 

28 

a  mg/ml  with  (95%  confidence  interval), 
b  Minimum  Concentration  to  Inhibit  Growth  as  mg/L. 
c  Minimum  Concentration  to  Inhibit  Growth  as  a  percent  of  LC50. 
NA  Not  available. 


RESPONSE  (PROBIT) 
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Figure  2  9 .  Representative 
concentration-response 
curves  and  respective 
Teratogenic  Index  values 
for  the  five  compounds 
tested  with  FETAX. 

o  Malformation 
D  Mortality 


CONCENTRATION  (MG/ML) 


PERCENT  OF  MEAN  CONTROL  LENGTH 


FIGURE  SORepresentative 
embryo  groirth  curves  for 
the  five  compounds. 
Concentrations  are 
expressed  as  percent  of 
the  respective  compound 
LC50.  Growth  is  expressed 
as  percent  of  mean  FETAX 
solution  control  length. 


CONCENTRATION  (PERCENT  OF  LC50) 
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potential  teratogenic  hazard.  Serotonin  and  13-cis  retinoic  acid  exhibit  even 
wider  separation  of  the  curves,  and  are  examples  of  compounds  with  strong 
teratogenic  hazard.  Because  all  chemicals  are  potential  teratogens  if 
administered  in  appropriate  doses  at  sensitive  stages  of  development*^,  it  is 
important  to  consider  the  types  and  severity  of  f  '.rata  and  the  concentrations  at 
which  they  occur.  Compounds  with  TI  values  <1.5  may  pose  a  hazard  to 
developing  organisms,  possibly  as  embryotoxins. 

Developmental  toxicity  may  also  be  assessed  by  considering  the  MCIG 
(expressed  as  %  compound  Rates  of  growth  inhibition  (i.e.  slope) 

and  overall  reduction  in  embryo  growth  vary  with  the  severity  of  the  teratogen. 
Dawson  et  ah'*  suggest  that  compounds  with  significant  teratogenic  potential 
generally  inhibit  growth  at  concentrations  <  30%  of  the  respective  LC50 
values.  Ascorbic  acid  begins  to  inhibit  growth  at  >  50%  of  the  LC50.  Sodium 
selenate  and  coumarin  cause  inhibition  between  28  and  48%  of  the  LC50. 
Serotonin  and  13-cis  retinoic  acid  cause  inhibition  between  10%  and  16%  of 
each  particular  LC50.  In  addition,  serotonin  and  13-cis  retinoic  acid  with  the 
highest  TI  values  show  a  sharper  decrease  in  slope  compared  to  the  other 
compounds.  This  characteristic  is  presented  in  Figure  3oby  the  growth- 
inhibition  curves. 

The  five  compounds  presented  here  have  been  selected  as  part  of  the 
validation  process  of  FETAX  because  of  the  availability  of  mammalian  literature 
for  each'*'*®.  Although  FETAX  results  cannot  be  directly  extrapolated  to 
mammalian  developmental  toxicity  tests,  comparisons  aie  beneficial  in  order  for 
FETAX  to  be  useful  as  a  screening  assay. 

The  results  of  this  study  indicate  that  all  five  compounds  agree  with  the 
majority  of  mammalian  literature  available  regarding  teratogenicity.  Ascorbic 
acid,  cited  as  a  negative  teratogen  in  mammalian  literature^'^^^,  tested  negative 
in  FETAX.  Sodium  selenate  and  coumarin,  variable  positives  in  mammalian 
literature^*'* '’*^'**,  tested  positive  in  FETAX.  Serotonin  and  13-cis  retinoic 
acid,  listed  as  positives  in  mammalian  literature*®''"’'’*''*'*,  tested  positive  in 
FETAX.  Overall,  FETAX  currently  has  a  predictive  accuracy  of  89% 
including  compounds  tested  with  metabolic  activation. 

1.  Ascorbic  acid 

The  most  common  malformation  induced  by  ascorbic  acid  was  failure  of 
the  gut  to  coil.  At  concentrations  >  10  mg/ml  loose  gut  coiling  was  common 
along  with  slight  musculoskeletal  kinking.  At  concentrations  >  13  mg/ml 
facial,  eye  and  brain  malformations  were  noted.  Growth  was  stunted  and  severe 
malformations  of  the  gut,  musculoskeletal  system,  face,  eye  and  heart  occurred 
at  concentrations  >  19  mg/ml. 

Ascorbic  acid  which  tested  negative  in  FETAX,  has  been  tested  with 
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mice,  rats  and  rabbits  in  studies  following  FDA  Segment  II  guidelines.  No 
effects  were  observed  in  rats  up  to  500  or  1000  mg/kg/dy^°‘^‘.  No  effect  was 
observed  in  mice  up  to  1000  mg/kg^'or  in  rabbits  up  to  500  mg/kg/dy^°. 
Frohberg  et  al.^'  administered  up  to  1000  mg  by  mouth  to  pregnant  mice  and 
rats  on  days  6-15  with  no  adverse  effects  found.  In  fact,  ascorbic  acid 
(ascorbate)  has  been  found  to  protect  against  the  embryolethality  of 
N-acetoxy-2-acetylaminofluorene  and  2-nitrosofluorene  (NF),  and  decreased  the 
number  of  flexure  abnormalities  caused  by  NF  in  a  rat  whole  embryo  culture 
system^^. 

2.  Sodium  Selenate 

Sodium  selenate  at  concentrations  >  0.002  mg/ml  resulted  in  embryos 
with  edema  and  malformations  of  the  gut,  heart  and  face.  Blistering  was 
evident  at  concentrations  >  0.012  mg/ml. 

FETAX  results  for  sodium  selenate  also  agree  with  the  majority  of 
mammalian  literature  reports.  As  a  potential  teratogen  it  tested  positive  in 
FETAX.  Selenium  induced  malformations  have  result^  from  livestock  grazing 
on  seleniferous  ranges. Beath  et  al.^"*  reported  malformations  in  lambs 
consisting  of  multiple  cysts  in  eyes,  microphthalmia  and  deformities  of  the 
extremities.  Similar  effects  were  reported  with  horses^^.  However,  early 
laboratory  studies  with  rats  and  cats  fed  a  continuous  diet  of  selenium  did  not 
result  in  any  malformations  in  the  progeny^®. 

As  a  result  of  the  interest  in  the  Kesterson  Reservoir  and  Kesterson 
National  Wildlife  Refuge,  Merced  County,  California,  in  which  selenium 
contamination  was  a  factor,  several  developmental  toxicity  studies  have 
emerged.  Sodium  selenite  and  selenomethionine  were  tested  in  the  laboratory 
with  mallards  and  malformations  found  included  hydrocephaly  microphthalmia, 
lower  bill  and  foot  defects,  edema  and  stunted  growth  .  High  rates  of 
embryonic  mortality  and  abnormalities  were  also  reported  in  wild  aquatic  bird 
populations  at  Kesterson^*'^^.  An  in  situ  study  was  conducted  using  10 
species  of  mammals  collected  from  Kesterson  Reservoir  and  a  low  rate  of 
abnormalities  was  found. Nobunaga  et  al.^‘  conducted  a  study  with  mice  in 
which  the  malformation  rate  of  sodium  selenite  was  not  significantly  different 
from  controls.  Species  differences  in  developmental  toxicity  caused  by  selenium 
are  apparent,  however  FETAX  results  agree  with  the  species  tested  other  than 
rats  and  mice  and  further  studies  are  needed. 

3.  Coumarin 

Dimethyl  sulfoxide  (DMSO)  was  used  as  a  solvent  for  coumarin  at  a 
concentration  less  than  1.1%  v/v  which  has  been  found  not  to  cause  any  adverse 


effects  in  FETAX.  The  possibility  of  interactions  between  DMSO  and  coumarin 
causing  altered  rates  of  mortality  and  malformation  cannot  be  completely  dis¬ 
counted. 

Coumarin  induced  musculoskeletal  kinking,  loose  gut  coiling  and 
craniofacial  malformations  at  concentrations  >  0.01  mg/ml.  Concentrations  > 
0.04  mg/ml  induced  craniofacial  malformations  consisting  of  a  reduced  head 
size  and  downward  tilting  of  the  head.  Edema,  eye  and  gut  malformations 
occurred  at  concentrations  >  0.07  mg/ml.  The  malformations  mentioned  above 
became  more  severe  at  concentrations  >  0.13  mg/ml. 

Coumarin  is  a  compound  which  also  has  conflicting  reports  in  the 
mammalian  literature  but  is  generally  considered  to  be  a  developmental  toxin, 
especially  for  humans.  Coumarin-induced  abnormalities  are  known  as  the  fetal 
warfarin  syndrome^^  and  the  most  consistent  malformations  in  humans  have 
been  descnbed  by  Shaul  and  Hall^^  as  nasal  hypoplasia,  stippling  of  the  bones, 
ophthalmologic  abnormalities,  intrauterine  growth  retardation  and 
developmental  delay.  When  administered  to  mice,  coumarin  elicited  a  low 
incidence  of  gross  fetal  malformations  including  cleft  lip  and  cleft  palate.^**  A 
study  on  rabbits  and  mice  found  that  coumarin  adversely  affected  normal 
implantation  and  placentation,  but  no  mention  was  made  of  any  malformations.^* 
In  a  similar  study  by  Hirsch  et  al.^®,  rabbits  exposed  to  coumarin  gave  birth  to 
stillborn  fetuses  with  hemorrhages.  One  discrepancy  between  nonhuman  and 
human  data  may  be  due  to  the  fact  that  in  man  and  the  baboon,  coumarin  is 
metabolized  to  ^hydroxycoumarin*^'^*  but  this  metabolic  pathway  is  relatively 
minor  in  the  rat.  FETAX  tested  coumarin  as  a  positive  and  in  this  case  was  a 
better  indicator  of  teratogenic  hazard  than  some  laboratory  non-primate  tests. 

4.  Serotonin 

Serotonin  caused  minor  malformations  and  stunting  at  most  of  the 
concentrations  tested.  Embryos  gradually  became  smaller,  shorter  in  length  and 
less  developed  with  blunter  nose  and  looser  gut  coil.  At  concentrations  >1.0 
mg/ml,  microencephaly  and  blistering  of  the  dorsal  fm  were  noticed.  Embryos 
were  severely  stunted  at  concentrations  >  3.0  mg/ml. 

Serotonin  tested  positive  in  FETAX  and  agreed  with  mice,  rat,  and 
human  data  that  serotonin  poses  a  teratogenic  hazard.  Defects  reported  in 
laboratory  mice  include  kidney,  abdomen,  eye,  limb,  tail,  skull,  brain  and  CNS 
abnormalities.^®''’®  The  teratogenic  effects  of  serotonin  in  the  laboratory  rat 
include  anophthalmia,  hydrocephalus,  exencephaly,  omphalocoele  and 
vacuolization  of  myocardial  cells.*”  Reddy  et  al.’’  reported  evidence  of  the 
effects  of  serotonin  in  human  pregnancy. 
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5.  13-Cis  retinoic  acid 

Because  of  the  relative  insolubility  of  13-cis  retinoic  acid,  stocks  were 
prepared  by  measuring  1  mg  into  1  L  FETAX  solution,  stirring  and  filtering 
with  0.45- urn  Millipore  filter  paper.  The  stock  concentration  was  then 
determined  by  spectrophotometry  with  a  wavelength  setting  of  354  nm  and 
extinction  coefficient  of  39,800. 

13-cis  retinoic  acid  caused  loose  gut  coiling  and  musculoskeletal  kinking 
at  concentrations  >  0.5x10'®  mg/ml.  Concentrations  >  2.0x10'®  mg/ml 
resulted  in  eye  and  brain  malformations.  Cyclopia,  eye  pigment  ruptures, 
edema,  spinal  kinking  and  craniofacial  abnormalities  were  induced  in 
concentrations  >  10x10^  mg/ml.  Plates  9-11  show  typical  malformations. 

The  teratogenicity  of  13-cis  retinoic  acid  (Vitamin  A)  has  been  observed 
in  all  species  tested  including  rat,  mouse,  rabbit,  monkey  and  also  xenopus 
Nervous  system  and  craniofacial  defects  are  the  most  common 
terata  reported.  Human  birth  defects  as  a  result  of  the  use  of  13-cis  retinoic  acid 
are  documented  and  described  as  a  syndrome  of  central  nervous  system,  aural 
and  cardioaortic  defects'*"*.  J.A.G.  Geelen"*^  has  published  a  survey  on 
malformations  reported  in  the  literature  for  Vitamin  A  and  its  congeners.  A 
strong  positive  result  in  FETAX  for  13-cis  retinoic  acid,  confirms  the  advice 
that  thi.s  treatment  for  cystic  acne  should  be  avoided  in  pregnant  women. 
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PLATE  9  The  Effects  of  Different  Concentrations  of  13-cis  Retinoic 
Acid  on  Xenopus  laevis.  Control  embryos  achieved  stage  46  at  the  end  of  the 
96-h  exposure  period.  Side  view  presented  to  show  effect  on  brain,  eye,  and 
spinal  chord.  From  top  to  bottom:  Control,  1.00  ng/ml,  10.0  ng/ml  and  40.0 
ng/ml. 


PLATE  10  Effects  of  1.00  ng/ml  13-cis  Retinoic  Acid  on  Xenopus 
development.  Enlarged  side  view  presented  to  show  cranio-facial  malformation 


PLATE  1 1  Effects  of  10.0  ng/ml  of  I3-cis  Retinoic  Acid.  This  medium 
concentration  is  presented  to  show  the  abnormal  cranio-facial  development  that 
is  prevalent  with  this  compound. 
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C.  Phase  III 

Validation  Study  as  part  of  the  Solvent  Interaction  Study 


Many  insoluble  compounds  cannot  presently  be  tested  in  FETAX  unless  it 
is  first  dissolved  in  a  carrier  solvent.  While  it  is  possible  to  determine 
the  NOEC  for  solvents  such  as  Triethylene  Glycol,  Acetone  and  Dimethyl 
Sulfoxide,  there  is  still  a  possible  positive  or  negative  interaction  with 
the  test  compound  that  could  alter  test  results.  There  is  ample  evidence  of 
solvent  interaction  in  the  literature.  Nelson  et  al .  (37)  showed  that 
ethanol  reduced  the  number  of  neurochemical  effects  of  2-ethoxyethanol  in 
rats.  Demey  et  al.  (38)  found  that  propylene  glycol  when  used  in  a  IV 
nitroglycerin  solution  may  cause  hy  perosraolality ,  hemolysis  and  lactic 
acidosis.  Gichner  and  Velerainsky  (39)  showed  that  4-12%  acetone,  4-16% 
ethanol  and  8-32%  d  ime  t  hy  1  f  o  rmamide  potentiate  the  mutagenic  activity  of 
N-me thy  1 -N ' -ni tro-  N-n i t r o so gua n id ine  in  Arabidopsis  thaliana  seeds. 
These  findings  make  the  present  study  imperative. 

In  order  to  conduct  the  solvent  interaction  study  it  was  first  necessary 
to  perform  dos  e -r  e  s  pon  s  e  curves  for  each  of  the  solvents  to  be  used  as 
carriers  and  to  obtain  similar  data  for  the  compounds  to  "interact"  with  the 
solvents.  From  these  curves  the  NOEC  and  96-hr  LC25  and  EC50  (malformation) 
is  estimated.  It  should  be  remembered  that  support  for  the  latter 
do  s  e  -  re  s  po  n  s  e  curves  is  from  an  Oklahoma  Center  for  the  Advancement  of 
Science  and  Technology  grant  so  detailed  data  will  not  be  presented  here  with 
the  exception  of  trans -re  t  ino  ic  acid  in  order  to  conserve  space.  On  the 
annual  report,  all  of  the  data  will  be  presented  so  that  conclusions  may  be 
drawn . 

Triethylene  glycol:  Triethylene  glycol  (TG)  is  very  similar  to  other 
glycol  derivatives  but  is  not  as  toxic  as  them.  Weyland  (40)  used  it  as  a 
vehicle  for  Benzo ( a  )  pyrene  .  However,  Weyland  does  not  mention  any 
interaction  with  TG  and  Benzo  (a)  pyrene .  TG  is  used  as  a  drying  agent  for 
natural  gas,  in  the  manufacture  of  vinyl  plasticizers  and  as  a  solvent.  TG 
is  not  as  toxic  a  solvent  as  DMSO  or  acetone  in  FETAX  (Table  2).  The  mean  TI 
of  1.12  indicates  that  TG  is  not  teratogenic.  The  mean  96-hr  LC50  is  2.45 
v/v%  making  it  much  less  toxic  than  either  Acetone  or  DMSO  (Table  2).  The 
same  is  true  for  the  96-hr  EC 50 (mal formation)  which  has  a  mean  of  2.15  v/v%. 
Figures  31/33  and  35  show  the  96-hr  mortality  and  malformation  dose-response 
curves  for  TG.  The  lines  are  consistently  superimposed  on  one  another  (or 
nearly  so)  indicating  a  nonteratogen.  Replicability  is  excellent  and  there 
are  many  data  points  in  the  partial  effects  zone  of  16-84%  which  suggests 
that  the  data  is  reliable.  Growth  inhibition  curves  (Figures  32,34  and^^  ) 
are  repeatable  and  indicate  that  TG  is  a  nonteratogen  because  the  are  no 
effects  seen  until  concentrations  are  reached  that  are  50%  of  the  96-hr  LC50 
or  greater.  It  is  interesting  that  a  40%  growth  inhibition  can  be  reached  in 
surviving  embryos.  Platesl2  and  13  show  that  abnormalities  are  minor  even  at 
concentrations  of  2%  (Platel2a  &12b).  This  called  a  low  concentration  in 
the  plate  legend  but  this  refers  to  the  other  embryos  exposed  to  higher 
concentrations  presented  on  the  Plate.  Concentrations  of  1  to  1.5%  TG  would 
be  used  as  a  carrier  in  FETAX  as  there  are  no  observable  malformations  at 
these  concentrations  and  growth  is  not  affected.  At  higher  concentrations, 
as  shown  in  Plates  1 2  and  1 3  ,  TG  causes  facial  abnormalities  and  some  shifting 
in  the  position  of  the  eye.  Gut  and  heart  coiling  are  impaired  at  higher 
concentrations  and  little  effect  on  the  tail  is  seen.  While  TG  proved  to  be 
the  least  toxic  and  teratogenic  of  the  proposed  carrier  solvents  it  is  not 
the  best  solvent  'and  will  not  carry  all  test  compounds  into  solution. 
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TRIETHYLENE  GLYCOL  1 


CONCENTRAnON  (UG/kZ) 


Figure  31.  96-h  Mortality  and  Malformation  Dose-Response  Curves  for 
Triethylene  glycol  Definitive  Test  #1.  The  curve  includes  only  those  points 
used  in  producing  the  dose-response  curve  although  other  concentrations  were 
tested  as  well  (See:  Appendix).  Each  point  represents  50  embryos  for  each 
concentration . 
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TRIETHYLENE  GLYCOL  1 


Figure  32,  96-h  Growth  Dose-Response  Curve  for  Triethylene  glycol  Definitive 
Test  #1.  The  plot  shows  the  %  of  control  versus  the  %  of  the  96-h  LC50. 
Strong  teratogens  often  cause  reduction  in  growth  at  very  low  percentages  and 
the  slope  of  the  line  is  very  steep.  A  strong  teratogen  can  cause  embryos  to 
become  only  45%  of  control  length  at  high  concentrations. 
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Figure  33,  96-h  Mortality  and  Malformation  Dose-Response  Curves  for 
Triethylene  glycol  Definitive  Test  #2.  The  curve  includes  only  those  points 
used  in  producing  the  dose-response  curve  although  other  concentrations  were 
tested  as  well  (See:  Appendix).  Each  point  represents  50  embryos  for  each 
concentration . 
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Figure  34  .  96-h  Growth  Dose-Response  Curve  for  Triethylene  glycol  Definitive 
Test  #2.  The  plot  shows  the  %  of  control  versus  the  7,  of  the  96-h  LC50. 
Strong  teratogens  often  cause  reduction  in  growth  af  very  low  percentages  and 
the  slope  of  the  line  is  very  steep.  A  strong  teratogen  can  cause  embryos  to 
become  only  45%  of  control  length  at  high  concentrations. 
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Figure  35  •  96-h  Mortality  and  Malformation  Dose-Response  Curves  for 
Triethylene  glycol  Definitive  Test  #3.  The  curve  includes  only  those  points 
used  in  producing  the  dose-response  curve  although  other  concentrations  were 
tested  as  well  (See:  Appendix).  Each  point  represents  50  embryos  for  each 
concentration. 
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Figure  35,  96-h  Growth  Dose-Response  Curve  for  Triethylene  glycol  Definitive 
Test  #3.  The  plot  shows  the  %  of  control  versus  the  %  of  the  96-h  LC50. 
Strong  teratogens  often  cause  reduction  in  growth  at  very  low  percentages  and 
the  slope  of  the  line  is  very  steep.  A  strong  teratogen  can  cause  embryos  to 
become  only  45%  of  control  length  at  high  concentrations. 
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Plate  12a«  Effects  of  Different  Concentrations  of  Triethylene  Glycol 
on  Xenopus  Development.  Control  embryos  achieved  Stage  46  at  the 
end  of  the  96  h  exposure  period.  Side  view  presented  to  show  effect 
on  brain,  eye  and  spinal  cord.  From  top  to  bottom;  control,  251  v/v, 
2.4%  v/v,  2.7%  v/v. 


Plate  12b*  Effects  of  a  Low  Concentration  of  Triethylene  Glycol  on 
Xei.opus  Development.  Control  embryos  achieved  Stage  46  at  the  end 
of  the  96  h  exposure  period.  Enlarged  ventral  view  presented  to  show 
the  ■.  f  feet  on  cardiac  and  gut  region.  Embryo  exposed  to  2%  v/v 
Triethylene  glycol. 
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Plate  13a  •  Effects  of  a  Medium  Concentration  of  Triethylene  Glycol 
on  XenoDus  Development.  Control  embryos  achieved  Stage  46  at  the 
end  of  the  96  h  exposure  period.  Enlarged  ventral  view  presented  to 
show  the  effect  on  cardiac  and  gut  region.  Embryo  exposed  to  2.4 
mg/ml  Triethylene  Glycol. 


Plate  13b  .  Effects  of  a  High  Concentration  of  Triethylene  Glycol  on 
Xenopus  Development.  Control  embryos  achieved  Stage  46  at  the  end 
of  the  96  h  exposure  period.  Enlarged  side  view  presented  to  show 
the  effect  on  brain  and  eye  region.  Embryo  exposed  to  2.7  mg/ml 
Triethylene  Glycol. 
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Acetone:  Acetone  can  dissolve  a  large  number  of  organic  compounds  but 
it  is  volatile.  Acetone  has  been  shown  to  potentiate  hepatotoxicity  induced 
by  Trichloroethylene-carbon  tetrachloride  mixtures  (41).  While  acetone  may 
be  the  last  solvent  of  choice,  it  may  prove  to  be  the  only  solvent  that  will 
carry  some  test  compounds  into  solution.  Shepard  (34)  does  not  discuss  the 
developmental  toxicity  of  Acetone. 

Table  2  shows  that  the  mean  TI  for  Acetone  is  about  1.7.  This  is  above 
the  cutoff  of  1.5  for  a  nonteratogen.  The  mean  96-hr  LC50  and  EC50 
(malformation)  is  2.19  and  1.29  v/v%  respectively  and  the  experiments 
replicated  reasonably  well  considering  the  volatility  of  Acetone  (Table  2). 
Figure  37  shows  a  representative  mortality  and  malformation  dose-response 
curve  for  Acetone.  Note  the  obvious  separation  of  the  two  curves  whfch 
indicates  that  Acetone  has  weak  teratogenic  potential.  The  minimum 
concentration  to  inhibit  growth  was  1.25  v/v%.  Figure  38  shows  a 
representative  growth  inhibition  curve  for  Acetone  which  is  flat  over  a  broad 
concentration  range  and  then  increasingly  inhibits  growth  up  to  the  100%  of 
the  96-hr  LC50  level.  Even  at  this  concentration,  the  embryos  are  only 
inhibited  about  20%  of  their  growth.  Plates  l^anJlS  show  the  effect  of 
Acetone  on  Xenopus  development.  Plate  14  is  a  concentration  series  seen 
from  the  side  (14a)  and  ventral  (14b)  aspects.  The  embryo  from  the  0.9  v/v% 
(second  from  top)  exposure  concentration  shows  essentially  no  difference  from 
the  control  (top).  This  would  be  near  the  final  acetone  solution 
concentration  that  would  be  used  if  acetone  was  employed  as  a  carrier 
solvent.  Plate  14  also  shows  that  severe  malformations  occur  only  at  about 
2%  concentration  and  that  all  organ  systems  are  involved.  Plate  ISAshows  a 
ventral  view  of  an  embryo  exposed  to  0.9%  v/v  Acetone.  The  only  apparent 
change  from  controls  is  a  slightly  reduced  gut  coiling.  This  should  be 
regarded  not  as  a  malformation  but  as  a  case  of  delayed  development. 
Exposure  to  clean  water  and  time  would  probably  correct  this  situation. 
Plate  15B  shows  an  embryo  exposed  to  1.5%  v/v  Acetone  and  there  are 
indications  of  stress  at  this  concentration.  The  choroid  fissure  of  the  eye 
has  not  yet  completely  fused  at  the  ventral  aspect  and  there  is  evidence  of 
edema  in  the  ocular  and  cardiac  regions.  These  are  modest  defects,  however, 
considering  that  1.5%  v/v  Acetone  is  nearly  70%  of  the  96-hr  LC50. 

In  summary.  Acetone  is  not  an  ideal  solvent  because  of  its  high 
teratogenic  index.  We  have  also  observed  that  bacteria  can  utilize  it  as  a 
carbon  source.  However,  it  may  have  to  be  employed  for  those  test  compounds 
that  cannot  be  carried  into  solution  any  other  way. 
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Figure  37*  96-h  Mortality  and  Malformation  Dose-Response  Curves  for  Acetone 
Definitive  Test  #3.  The  curve  includes  only  those  points  used  in  producing 
the  dose-response  curve  although  other  concentrations  were  tested  as  well 
(See:  Appendix).  Each  point  represents  50  embryos  for  each  concentration. 
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Plate  14A.  Effects  of  Different  Concentrations  of  Acetone  on 
Xenopus  Development.  Control  embryos  achieved  Stage  46  at  the  end 
of  the  96  h  exposure  period.  Side  view  presented  to  show  effect  on 
brain,  eye  and  spinal  cord.  From  top  to  bottom:  control,  0.9Z  v/v, 
1.5Z  v/v,  2X  v/v. 


Plate  14B  .  Effects  of  Different  Concentrations  of  Acetone  on 
Xenopus  Development.  Control  embryos  achieved  Stage  46  at  the  end 
of  the  96  h  exposure  period.  Ventral  view  presented  to  show  effect 
on  cardiac  and  gut  regions.  From  top  to  bottom:  control,  0.9%  v/v, 
1.5%  v/v,  2%  v/v. 


Plate  iS-A.  Effects  of  a  Low  Concentratioo  of  Acetone  on  Xenopus 
Development.  Control  embryos  achieved  Stage  46  at  the  end  of  the  96 
h  exposure  period.  Ventral  view  presented  to  show  effect  on  cardiac 
and  gut  regions.  Embryo  exposed  to  0.9%  v/v  Acetone. 
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Plate  15B,  Effects  of  a  Medium  Concentration  of  Acetone  on 
Xenopus  Development.  Control  embryos  achieved  Stage  46  at  the  end 
of  the  96  h  exposure  period.  Enlarged  side  view  presented  to  show 
the  effect  on  brain  and  eye  region.  Embryo  exposed  to  1.5%  v/v 
Acetone . 


Plate  16.  Effects  of  a  High  Concentration  of  Acetone  on  Xenopus 
Development.  Control  embryos  achieved  Stage  46  at  the  end  of  the  96 
h  exposure  period.  Enlarged  side  view  presented  to  show  the  effect 
on  brain  and  eye  region.  Embryo  exposed  to  2%  v/v  Acetone. 
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Dimethyl  Sulfoxide:  Dimethyl  Sulfoxide  (DMSO)  is  a  remarkably  good 
solvent  and  has  relatively  low  toxicity.  DMSO  should  be  listed  as  a  variable 
negative  in  terms  of  its  developmental  toxicity  (34).  Caujolle  et  al.  (42) 
reported  teratogenic  responses  in  rabbits,  chickens,  mice  and  rats  when  DMSO 
was  administered  at  very  high  doses.  However,  at  low  doses  few  defects  were 
seen.  Juma  and  Staples  (43)  found  increased  resorptions  in  the  rat  embryo  at 
high  dose  levels  suggesting  that  DMSO  is  primarily  embryotoxic.  These 
variable  results  reported  in  the  literature  may  be  due  to  differences  in 
dosage  in  the  various  studies.  High  doses  of  even  nonteratogens  can  cause 
abnormal  development  in  the  few  surviving  offspring. 

Table  2  shows  the  results  of  three  definitive  experiments  on  the  effect 
of  DMSO  on  Xenopus  embryos.  The  mean  TI  was  1.4  while  the  mean  96-hr  LC50 
and  EC  50  (malformation)  was  1.81  and  1.31%  v/v  respectively.  Dumont  reported 
a  TI  of  1.75  for  DMSO  so  our  values  are  not  too  far  apart.  The  mean  minimum 
concentration  that  inhibits  growth  was  1.38%  v/v.  There  was  excellent 
agreement  among  all  three  experiments.  The  results  prove  that  a  1%  v/v  final 
concentration  of  DMSO  could  successfully  be  used  as  a  carrier  in  FETAX  (This 
concentration  is  safely  below  the  MCIG)  .  Figures  39  and  40  show  the 
dose-response  curves  from  the  latter  two  definitive  experiments  listed  in 
Table  2.  The  mortality  and  malformation  curves  are  generally  close  together 
indicating  low  teratogenicity.  There  are  a  number  of  data  points  between  the 
0  and  100%  effect  levels  for  both  endpoints  and  the  data  fit  is  close  to  the 
line.  The  NOEC  is  around  1.1  to  1.2%  v/v  for  both  endpoints.  Figures  40and 
and  42  show  the  effects  of  DMSO  on  Xenopus  growth.  Figure  40  shows  an 
indication  of  hormesis  as  embryos  were  longer  after  DMSO  exposure  than 
controls.  This  phenomenon  was  not  borne  out  in  Figure  42,  Both  Figures  show 
that  growth  inhibition  does  not  become  a  serious  factor  until  well  past  50% 
of  the  96-hr  LC50  concentration.  After  this  point  a  severe  reduction  in 
growth  is  observed.  Plates  17  and  18  show  the  typical  effects  of  DMSO  on 
Xenopus  embryos  after  96  hr  of  continuous  exposure.  Plate  17a  shows  a 
progression  of  increasing  malformation  and  growth  retardation  in  increasing 
concentrations  of  DMSO.  There  is  little  spinal  kinking  and  edema.  Facial, 
head  and  eye  malformations  occur  at  higher  concentrations  of  DMSO.  At  1.3% 
v/v  DMSO,  the  effects  are  slight  (Plates  17AS<B).  A  reduction  in  embryo  size 
and  gut  coiling  are  seen.  At  1.7%  v/v  DMSO,  there  is  evidence  of  some  edema 
as  well  as  problems  in  gut  coiling  and  development  of  the  facial  region 
(Plate  18a)*  At  2%  v/v  DMSO  (Plate  18B),  the  embryo  is  severely  malformed 
with  all  major  organ  systems  being  involved. 

In  summary,  DMSO  is  an  excellent  solvent  and  exhibits  low  teratogenicity 
in  FETAX.  There  should  be  no  problem  in  using  1%  v/v  final  concentrations  of 
DMSO  as  a  carrier  unless  further  studies  show  real  interaction  problems. 
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Figure  39  96-h  Mortality  and  Malformation  Dose-Response  Curves  for  Dimethyl 
Sulfoxide  Definitive  Test  ill.  The  curve  includes  only  those  points  used  in 
producing  the  dose-response  curves  although  other  concentrations  were  tested 
as  well  (See:  Appendix).  Each  point  represents  50  embryos  for  each  concentration. 
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Figure  40.  96“h  Growth  Dose-Response  Curve  for  Dimethyl  Sulfoxide  Definitive 
Test  #2-  The  plot  shows  the  %  of  control  versus  the  %  of  the  96-h  LC50. 
Strong  teratogens  often  cause  reduction  in  growth  at  very  low  percentages  and 
the  slope  of  the  line  is  very  steep.  A  strong  teratogen  can  cause  embryos  to 
become  only  45%  of  control  length  at  high  concentrations. 
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Figure  41  .  96-h  Mortality  and  Malformation  Dose-Response  Curves  for  Dimethyl 
Sulfoxide  Definitive  Test  #3.  The  curve  includes  only  those  points  used  in 
producing  the  dose-response  curve  although  other  concentrations  were  tested 
as  well  (See:  Appendix).  Each  point  represents  embryos  for  each 
concentration. 
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Figure  42.  96-h  Growth  Dose-Response  Curve  for  Dimethyl  Sulfoxide  Definitive 
Test  #3.  The  plot  shows  the  %  of  control  versus  the  X  of  the  96-h  LC50. 
Strong  teratogens  often  cause  reduction  in  growth  at  very  low  percentages  and 
the  slope  of  the  line  is  very  steep.  A  strong  teratogen  can  cause  embryos  to 
become  only  45X  of  control  length  at  high  concentrations. 


end  of  the  96  h  exposure  period.  Side  view  presented  to  show  effect 


on  brain,  eye  and  spinal  cord.  From  top  to  bottom:  control,  1.3Z 
v/v,  1.7Z  v/v,  2Z  v/v. 


Plate  18A.  Effects  of  a  Medium  Concentration  of  Dimethyl  Sulfoxide 
on  Xenopus  Development.  Control  embryos  achieved  Stage  46  at  the 
end  of  the  96  h  exposure  period.  Enlarged  side  view  presented  to 
show  the  effect  on  brain  and  eye  region.  Embryo  exposed  to  1.7X  v/v 
Dimethyl  Sulfoxide. 


Plate  18B.  Effects  of  a  High  Concentration  of  Dimethyl  Sulfoxide  on 
Xenopus  Development.  Control  embryos  achieved  Stage  46  at  the  end 
of  the  96  h  exposure  period.  Enlarged  side  view  presented  to  show 
the  effect  on  brain  and  eye  region.  Embryo  exposed  to  2Z  v/v 
Dimethyl  Sulfoxide . 
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Trant-retinoic  acid:  Work  on  this  compound  is  being  supported  by  the 
Oklahoma  Center  for  the  Advancement  of  Science  and  Technology  (OCAST).  The 
data  is  presented  here  in  order  to  present  a  clear  idea  as  to  the  nature  of 
the  upcoming  solvent  interaction  study,  trans-retinoic  acid  is  a  classic 
teratogen  with  numerous  listings  in  Shepard  (3^')*  It  is  listed  by  Smith  et 
al.  (22)  as  a  strong  teratogen  that  is  quite  insoluble  in  water.  Despite 
its  insolubility  in  water,  enough  of  the  compound  gets  into  solution  to  have 
an  effect  in  FETAX  without  the  use  of  a  carrier.  This  made  it  an  ideal 
compound  to  use  in  the  carrier  interaction  study  because  results  of  retinoic 
acid  alone  vs  retinoic  acid  plus  carrier  could  be  easily  compared.  Table  1&2 
shows  that  three  different  teratogens  (Trans-retinoic  acid,  Me-raercury 
chloride  and  6-Aminonicotinomide)  of  differing  solubilities  and  teratogenic 
actions  were  selected  for  this  study  as  well  as  Trichloroethylene,  a 
nonteratogen,  of  low  water  solubility. 

Table  1  shows  that  there  was  difficulty  in  repeating  the  dose-response 
tests  for  Trans-retinoic  acid.  The  mean  TI  was  close  at  10.5  ^'ut  that  in  the 
first  definitive  experiment  the  96-hr  LC50  was  only  0.246  ug/ml  versus  0.5 
for  the  second  definitive.  Upon  inspection  of  the  data  in  Table  1  both  the 
96-hr  LC50  and  EC 50 (malformation)  of  the  first  test  were  approximately  2  fold 
lower  than  the  second  test.  Although  we  checked  the  concentrations  of  each 
stock  solution  s pec t rophotometr ically ,  it  is  possible  an  error  was  made  in 
weighing  or  dissolving  the  insoluble  Trans-retinoic  acid.  Previous  range 
tests  also  showed  this  type  of  variability  for  this  compound.  The  high  TI  of 
10.5  proved  that  Trans-retinoic  acid  was  a. strong  teratogen  in  FETAX  and  this 
result  agrees  well  with  the  mammalian  literature.  Sabourin  and  Faulk  (14) 
obtained  a  TI  >2.6  for  Trans-retinoic  acid  while  Dumont  obtained  a  TI  of  6.6. 

It  should  be  remembered  that  Sabourin  and  Faulk  only  reported  ranges  of  TI 
and  not  actual  values.  Figures  43  and  45  show  the  mortality  and  malformation 
dose-response  curves.  They  are  widely  separated,  have  essentially  the  same 
slope  and  there  are  a  good  number  of  data  points  that  make  up  each  curve. 
The  mean  MCIG  is  0.07  which  is  28%  of  the  96-hr  LC50.  From  Figure44  and46 
is  can  be  seen  that  growth  inhibition  increases  rapidly  faster  about  25%  of 
the  96-hr  LC50.  The  maximum  amount  of  growth  inhibition  is  about  35%  (65%  of 
control  length).  Thus,  the  growth  inhibition  data  is  supportive  of  the 
hypothesis  that  Trans-retinoic  acid  is  a  teratogen.  Platesl9  and20  show 
the  effects  of  increasing  Trans-retinoic  acid  concentrations  on  Xenopus 
development  (See  19Afor  overview).  Plate  19B  shows  the  effect  of  dose  near 
the  EC  50  (malformation)  had  on  development.  Minor  malformations  were  seen  in 
the  face,  eye  and  gut  region.  At  0.2  ug/ral  severe  malformations  were  seen 
that  involve  all  major  organ  systems  (Plate  20A)*  Curiously,  The  tail  was 
not  kinked.  At  very  high  concentrations  (0.5  ug/ml),  very  severe 
malformations  were  observed.  This  embryo  was  alive  at  96  hr  but  severely 
malformed.  The  eye  is  cyclopic  and  the  gut  is  nearly  straight.  At  this 
concentration,  nearly  half  of  the  embryos  were  still  alive. 

Despite  the  variability  in  results,  Trans-retinoic  acid  is  an  ideal 
compound  with  which  to  test  the  possibility  of  solvent  interactions  on 
Xenopus  development.  The  question  arises  as  to  whether  the  same  defects 
will  be  seen  if  there  is  interaction  or  whether  new  malformations  will  be 
caused . 
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Figure  43.  96-h  Mortality  and  Malformation  Dose-Response  Curves  for  Retinoic 
Acid,  Definitive  Test  #1.  The  curve  includes  only  those  points  used  in 
producing  the  dose-response  curve  although  other  concentrations  were  tested 
as  well  (See:  Appendix).  Each  point  represents  50  embryos  for  each 
concentration. 
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Figure  96-h  Growth  Dose-Response  Curve  for  Retinoic  Acid,  Definitive  Test 
#1.  The  plot  shows  the  X  of  control  versus  the  X  of  the  96-h  LC50.  Strong 
teratogens  often  cause  reduction  in  growth  at  very  low  percentages  and  the 
slope  of  the  line  is  very  steep.  A  strong  teratogen  can  cause  embryos  to 
become  only  ASX  of  control  length  at  high  concentrations. 
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Figure  45.  96-h  Mortality  and  Malforntatlon  Doae-Reaponse  Curvea  for  Retinoic 
Acid,  Definitive  Teat  #2.  The  curve  Includea  only  thoae  polnta  uaed  in 
producing  the  doae-reaponae  curve  although  other  concentrationa  were  teated 
aa  well  (.See:  Appendix).  Each  point  repreaenta  50  embryoa  for  each 
concentration. 
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Figure  46.  96-h  Growth  Dose-Response  Curve  for  Retinoic  Acid,  Definitive  Test 
#2.  The  plot  shows  the  X  of  control  versus  the  X  of  the  96-h  LC50.  Strong 
teratogens  often  cause  reduction  in  growth  at  very  low  percentages  and  tha 
slope  of  the  line  is  very  steep.  A  strong  teratogen  can  cause  embryos  to 
become  only  45X  of  control  length  at  high  concentrations. 


Plate  19A.  Effecta  o:  Different  Concentrations  of  Trant>retinoic 
acid  on  Xenopus  Develspment.  Control  embryos  achieved  Stage  46  at 
the  end  of  the  96  h  exposure  period.  Side  view  presented  to  show 
effect  on  brain,  eye  and  spinal  cord.  From  top  to  bottom:  control, 
0.02  ug/ml,  0.2  ug/ml,  0.5  ug/ml. 


Plate  19B.  Effects  of  a  Low  Concentration  of  Trans-re tinoic  acid  on 
Xenopus  Development.  Control  embryos  achieved  Stage  46  at  the  end 
of  the  96  h  exposure  period.  Enlarged  side  view  presented  to  show 
the  effect  on  brain  and  eye  region.  Embryo  exposed  to  0.02  ug/ml 
Trans-retinoic  acid. 
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Plate  20A.  Effects  of  a  Medium  Concentration  of  Trans -retinoic  acid 
on  Xenopus  Development.  Control  embryos  achieved  Stage  46  at  the 
end  of  the  96  h  exposure  period.  Enlarged  side  view  presented  to 
show  the  effect  on  brain  and  eye  region.  Embryo  exposed  to  0.2  ug/ml 
Trans-retinoic  acid. 


Plate  20B.  Effects  of  a  High  Concentration  of  Trans-retinoic  acid  on- 
Xenopus  Development.  Control  embryos  achieved  Stage  46  at  the  end 
of  the  96  h  exposure  period.  Enlarged  side  view  presented  to  show 
the  effect  on  brain  and  eye  region.  Embryo  exposed  to  0.5  ug/ml 
Trans-retinoic  acid. 
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M«thylm«rcury  Chlorid*:  is  a  known  mammalian  teratogen  and  is 
similar  in  effect  to  mercury  but  passes  through  membranes  much 
more  easily.  Methylmercury  Chloride  (MMC)  is  known  to  effect  the 
central  nervous  system  of  animals.  MMC  was  chosen  to  test 
solvent  interactions  because  of  its  relatively  insolubility  in 
water . 

Table  1  shows  that  MMC  has  a  TI  of  approximately  3  which  is 
teratogenic.  However  this  TI  is  indicates  a  moderate  teratogen, 
and  MMC  is  consider  highly  teratogenic.  MMC  is  highly  embryo 
toxic  in  FETAX.  Figures  47,49,51  show  the  dose-response  curves 
performed  for  MMC.  There  are  a  number  of  points  between  the  0 
and  100%  effect  levels  for  both  endpoints  and  the  data  fit  is 
close  to  the  regression  line.  There  is  a  clear  separation  be¬ 
tween  the  two  curves.  The  NOEC  is  around  0.008  averaged  over  the 
three  experiments  for  Malformation.  The  NOEC  for  mortality  is 
approximately  0.08.  Figures  48,49,52  show  effects  of  MMC  on 
Xenopus  growth.  Figure s4 8  and  50  indicate  hormesis  but  only  a 
slight  increase  in  growth  is  seen.  Figure  52  does  not  show  any 
hormesis.  All  figures  show  no  inhibition  of  growth  until  or 
after  50%  of  the  LC50  value.  Plate  21  shows  the  typical  malfor¬ 
mations  seen  with  MMC.  Plate  21  also  shows  a  progression  of 
increasing  malformations  and  growth  retardations  in  increasing 
concentrations  of  MMC.  Facial  malformations  and  edema  occur  at 
low  concentrations  of  MMC.  As  concentration  increase  effects  on 
brain  and  spinal  column  can  also  be  seen.  At  the  highest  concen¬ 
trations  most  organ  systems  are  effected. 

In  summary,  MMC  is  extremely  toxic  to  embryos  but  has  a 
surprisingly  low  TI.  Although  sever  malformations  are  seen  at 
high  concentrations  usually  the  embryos  die  before  96  hours. 
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Figure  47  The  96-h  Mortality  and  Malformation  Dose-Response 
Curves  for  Methylmercury  Chloride  Definitive  Test  #1.  The  curve 
only  includes  those  points  used  in  producing  the  dose-response 
curves  although  other  concentrations  were  tested  as  well  (See: 
Appendix) .  Each  point  represent  an  experimental  unit  (one  dish 
of  20  embryos) . 


METHYL  MERCURY  CHLORIDE 


Figure  48.  The  96-h  Growth  Dose-Response  Curve  for  Methylmercury 
Chloride  Definitive  Test  #1.  The  plot  shows  the  %  of  control 
versus  the  %  of  the  96-h  LC50,  Strong  teratogens  often  cause 
reduction  in  growth  at  very  low  percentages  and  the  slope  of  the 
line  is  very  steep.  A  strong  teratogen  can  cause  embryos  to 
become  only  45%  of  control  length  at  high  concentrations. 
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Figure  49.  The  96-h  Mortality  and  Malformation  Dose-Response 
Curves  for  Methylmercury  Chloride  Definitive  Test  #2.  The  curve 
only  includes  those  points  used  in  producing  the  dose-response 
curves  although  other  concentrations  were  tested  as  well  (See: 
Appendix) .  Each  point  represent  an  experimental  unit  (one  dish 
of  20  embryos) . 


METHYL  MERCURY  CHLORIDE 


Figure  50.  The  96-h  Growth  Dose-Response  Curve  for  Methylmercury 
Chloride  Definitive  Test  #2.  The  plot  shows  the  %  of  control 
versus  the  %  of  the  96-h  LC50.  Strong  teratogens  often  cause 
reduction  in  growth  at  very  low  percentages  and  the  slope  of  the 
line  is  very  steep.  A  strong  teratogen  can  cause  embryos  to 
become  only  45%  of  control  length  at  high  concentrations. 
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Figure  51  The  96-h  Mortality  and  Malformation  Dose-Response 
Curves  for  Methylmercury  Chloride  Definitive  Test  #3.  The  curve 
only  includes  those  points  used  in  producing  the  dose-response 
curves  although  other  concentrations  were  tested  as  well  (See: 
Appendix) .  Each  point  represent  an  experimental  unit  (one  dish 
of  20  embryos) . 


METHYL  MERCURY  CHLORIDE 


Figure  '52  The  96-h  Growth  Dose-Response  Curve  for  Methylmercury 
Chloride  Definitive  Test  #3.  The  plot  shows  the  %  of  control 
versus  the  %  of  the  96-h  LC50.  Strong  teratogens  often  cause 
reduction  in  growth  at  very  low  percentages  and  the  slope  of  the 
line  is  very  steep.  A  strong  teratogen  can  cause  embryos  to 
become  only  45%  of  control  length  at  high  concentrations. 
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Plate  21  Effects  of  Different  Concentrations  of  Methylmercury 
Chloride  on  Xenopus  Development.  Control  embryos  achieved  stage 
46  at  the  end  of  the  96-h  exposure  period.  Side  view  presented 
to  show  effect  on  brain  eye  and  spinal  cord.  From  top  to  bottom; 
Control,  0.012  mg/L,  0.025  mg/L,  and  0.04  mg/L. 
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BUSULFAN 

Busulfan  is  used  in  treatment  of  myelogenous  leukemia  in 
humans.  It  can  also  induce  severe  bone  marrow  hypoplasia. 
Teratogenicity  studies  have  been  done  in  the  rat  and  mouse.  At 
low  doses,  it  produces  a  wide  range  of  teratogenetic  abnormali¬ 
ties  in  the  rat. 

Busulfan  does  not  readily  dissolve  in  FETAX.  It  was  dis¬ 
solved  in  acetone  and  then  added  to  FETAX  to  make  a  final  concen¬ 
tration  of  acetone  of  1%  (v/v) .  One  range  test  was  completed. 
Mortality  rates  were  low  in  all  concentrations.  We  can  only 
estimate  the  LC50  as  being  >0.20  mg/ml.  The  malformation  rates 
increased  with  increasing  concentration.  The  EC50  was  found  to 
be  0.16  mg/ml  using  the  Litchf ield-Wilcoxon  test.  Only  the 
Malformation  Dose-Response  curve  could  be  plotted  as  shown  in 
Figure  53. Common  malformations  were  seen  in  the  gut  and  face  re¬ 
gions.  Edema  was  observed  in  the  cardiac,  abdominal  and  facial 
regions.  Also,  severe  malformations  were  recorded  in  the  higher 
concentrations . 

Solvent  studies  were  conducted  on  Busulfan.  Since  the 
highest  concentration  that  could  be  dissolved  in  a  1%  acetone 
solution  in  FETAX  without  precipitating  out  was  0.2  mg/ml,  we 
tried  other  solvents.  We  dissolved  50  mg  of  Busulfan  in  2  mis  of 
triethylene  glycol.  This  was  added  to  98  mis  of  FETAX.  The 
compound  came  out  of  solution.  Using  dimethyl  sulfoxide  (DMSO) , 
we  dissolved  500  mg  in  1.2  mis  of  DMSO  and  brought  it  up  to  100 
mis  with  FETAX.  The  compound  precipitated  out.  With  100  mg  of 
Busulfan  added  to  1.2  mis  of  DMSO  and  brought  up  to  100  mis  with 
FETAX,  the  compound  precipitated  out.  Lastly,  50  mg  of  Busulfan 
was  added  to  1  ml  of  DMSO  and  brought  up  to  100  mis  with  FETAX. 
This  was  not  successful  either.  Since  a  higher  concentration  of 
solvent  is  needed  to  increase  the  concentration  of  the  compound 
in  FETAX  and  these  solvent  concentrations  are  greater  than  what 
the  ASTM  Guide  dictates,  further  testing  was  stopped. 

The  results  gathered  indicate  a  TI  >1.25.  The  severity  and 
type  of  malformations  indicate  Busulfan  to  be  a  teratogen. 
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BUSULFAN 


Figure  53.  96  h  Mortality  and  Malformation  uose-Kesponse  L,urves. 
for  Busulfan  Range  Test.  The  curve  includes  only  those  points 
used  in  producing  the  dose-response  curve  although  other  concen¬ 
trations  were  tested  as  well.  Each  point  represents  50  embryos 
for  each  concentration. 
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Plate  22.  Effects  of  different  concentrations  of  Busulfan  on 
Xenopus  development.  Control  embryos  achieved  Stage  46  at  the 
end  of  the  96  h  exposure  period.  Side  view  presented  to  show 
effect  on  face,  gut  and  notochord.  From  top  to  bottom:  control, 
•3.05  mg/ral,  0.10  mg/ml,  C.15  mg/ml,  0.20  mg/ml. 


Place  23.  Severe  abnormalities  observed  at  medium  concentrations. 
Control  emoryos  achieved  Stage  46  at  the  end  of  the  96  h  exposure 
period.  ;iie  ’isw  shows  effect  on  abdominal  region,  face  and 
norochord.  From  cop  to  bottom:  0.10  mg/ml,  0.15  mg/ml. 
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Furazolidone 

Furazolidone  is  on  the  Flint  List.  It  is  used  as  an  antibi¬ 
otic  agent. 

A  range  test  gave  a  EC50  of  0.012  mg/ml.  A  LC50  was  esti¬ 
mated  to  be  approximately  >0.018  mg/ml.  The  T.I.  was  estimated 
to  be  >1.5.  The  mortality  curve  in  Figure  54  was  figured  from  a 
transformation  table  to  find  the  corresponding  probit  values. 
The  most  common  malformations  were  seen  in  the  gut,  notochord  and 
face. 


The  first  definitive  test  gave  a  EC50  of  0.0109  mg/ml.  The 
LC50  was  estimated  to  be  0.015  mg/ml.  This  gives  an  approximate 
T.I.  of  1.38.  The  most  common  malformations  were  in  the  gut, 
notochord  and  face.  The  mortality  curve  in  Figure  56  was  figured 
from  a  transformation  table  to  find  the  corresponding  probit 
values. 

A  second  definitive  test  gave  a  EC50  of  0.00711  mg/ml  and  a 
LC50  of  0.014  mg/ml.  This  gave  a  T.I.  of  1.97.  The  malforma¬ 
tions  most  observed  were  gut,  edema  and  face. 

From  this  data,  we  conclude  that  Furazolidone  is  a  terato¬ 
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FURAZOLIDONE 


Figure  54  96  h  Mortality  and  Malformation  Dose-Response  Curves 
for  Furazolidone  Range  Test.  The  curve  includes  only  those 
points  used  in  producing  the  dose-response  curve  although  other 
concentrations  were  tested  as  well.  Each  point  represents  50 
embryos  for  each  concentration. 
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FURAZOLIDONE 


Figure  56  96  h  Mortality  and  Malformation  Dose-Response  Curves 
for  Furazolidone  Definitive  Test  #1.  The  curve  includes  only 
those  points  used  in  producing  the  dose-response  curve  although 
other  concentrations  were  used  as  well.  Each  .point  represents  50 
embryos  for  each  concentration. 


PERCENT  MEAN  CONTROL  LENGTH 
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FURAZOLIDONE 


CONCENTRATION 

(mg/ml) 

Figure  57  96  h  Growth  Dose-Response  Curve  for  Furazolidone 

Definitive  Test  #1. 
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FURAZOLIDONE 


Figure  58  96  h  Mortality  and  Malformation  Dose-Response  Curves 
for  Furazolidone  Definitive  Test  #2.  The  curve  includes  only 
those  points  used  in  producing  the  dose-response  curve  although 
other  concentrations  were  tested  as  well.  Each  point  represents 
50  embryos  for  each  concentration. 
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FURAZOLIDONE 


CONCENTRATION 

(mg/ml) 


Figure  59  96  h  Growth  Dose-Response  Curve  for  Furazolidone 

Definitive  Test  #2. 
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Plate  2^  Effects  of  different  concentrations  of  Furazolidone  on 
Xenopus  development.  Control  embryos  achieved  Stage  46  at  the 
end  of  the  96  h  exposure  period.  Side  view  presented  to  show 
effect  on  face,  gut  and  notochord.  From  top  to  bottom:  control, 
0.014  mg/ml,  0.015  mg/ml. 


Plate  25  Ventral  view  of  tadpoles  in  previous  figure.  From  left 
to  right:  control,  0.014  mg/ml,  0.015  mg/ml. 
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PROCARBAZINE  is  considered  a  teratogen  in  the  rat,  mouse  and 
rabbit.  It  is  used  as  an  anticancer  agent  in  humans  in  chemo¬ 
therapy  against  Hodgkin's  disease,  several  types  of  lymphomas  and 
other  diseases.  It  is  on  the  Flint  List. 

Procarbazine  readily  dissolves  in  FETAX,  so  no  solvent  is 
necessary.  Only  one  good  definitive  test  has  been  completed. 
Figure  60  shows  the  mortality  and  malformation  dose-response 
curves  for  this  test.  The  LC50  was  3.17  mg/ml  and  the  EC50  was 
1.31mg/ml.  This  gave  a  T.I.  of  2.42.  The  most  common  malforma¬ 
tions  were  a  malformed  face  and  blisters  present  along  the  body. 
Other  common  malformations  were  a  loose  or  no  gut  coil  and  kinks 
in  the  notochord.  Figure 61  represents  the  growth  dose-response 
curve.  The  slope  of  the  line  is  very  steep.  Strong  teratogens 
often  cause  reduction  in  growth  at  very  low  percentages.  Another 
test  gave  similar  results.  It  cannot  be  considered  a  definitive 
test  because  an  EC50  could  not  be  established.  In  Figure  6?  the 
mortality  and  malformation  dose-response  curves  show  an  LC50  of 
1.69  mg/ml.  The  malformation  curve  was  figured  from  a  transfor¬ 
mation  table  to  find  the  corresponding  probit  values.  The  most 
common  malformations  were  again  in  the  face,  but  no  blisters  were 
found.  The  notochord  and  gut  abnormalities  could  also  be  seen. 
The  growth  dose-response  curve  is  similar  as  seen  in  Figure  63. 

We  conclude  that  this  chemical  is  a  strong  teratogen  as 
indicated  by  the  high  T.I.  and  by  the  slope  of  the  growth  dose- 
response  curve.  This  supports  the  results  of  the  mammalian 
tests. 
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Concentration  (mg/ml) 


Figure  60  96  h  Mortality  and  Malformation  Dose-Response  Curves 
for  Procarbazine  Definitive  Test  #1.  The  curve  includes  only 
those  points  used  in  producing  the  dose-response  curve  although 
other  concentrations  were  tested  as  well.  Each  point  represents 
50  embryos  for  each  concentration. 
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PROCARBAZINE 


CONCENTRATION 
(PERCENT  LC50) 


Figure  61  96  h  Growth  Dose-Response  Curve  for 

Definitive  Test  #1. 
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Procarbazine 
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PROCARBAZINE 


Figure  62  96  h  Mortality  and  Malformation  Dose-Response  curves 
for  Procarbazine  Non-Definitive  test.  The  curve  includes  only 
those  points  used  in  producing  the  dose-response  curve  although 
other  concentrations  were  tested  as  well.  Each  point  represents 
50  embryos  for  each  concentration. 
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PROCARBAZINE 


CONCENTRATION 
(PERCENT  LC50) 


Figure  63  96  h  Growth  Dose-Response  Curve 

Non-Definitive  test. 
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Plate  26  Effects  of  different  concentrations  of  Procarbazine  on 
;ic-nopus  development.  Control  embryos  achieved  Stage  46  at  the 
end  of  the  96  h  exposure  period.  Side  view  presented  to  show 
effect  on  gut,  face  and  notochord.  From  top  to  bottom:  control, 
1.28  mg/ml,  1.72  mg/ml,  2.0  mg/ml. 
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INTRODUCTION 


The  large  number  of  water-insoluble  chemicals  requiring  toxicity 
testing  necessitates  the  development,  validation  and  use  of  chemical 
cosolvents.  Carrier  solvents  {cosolvents),  such  as  dimethylsulfoxide 
(DMSO),  acetone,  and  triethylene  glycol  (TG),  are  commonly  used  to 
solubilize  hydrophobic  compounds.’  However,  the  use  of  solvents 
with  ]n  vitro  bioassays  may  alter  the  developmental  toxicity  of  test 
materials.  Solvents  interact  with  other  compounds  to  change  rates  of 
reactions,  membrane  potentials,  mutagenic  activity,  and  many  other 
cell  processes.^'®  Using  microbial  assays,  Stratton  has  shown  that 
solvents  alter  the  toxicity  of  pesticides.®  For  this  reason,  solvent- 
compound  interaction  studies  were  performed  to  determine  if  the 
developmental  toxicity  of  test  materials  was  altered. 

The  Frog  Embryo  Teratogenesis  Assay-Xenopus  (FETAX),  described 
by  Dumont  et  al.,  is  a  96-hr  bioassay  which  determines  relative  terato¬ 
genic  hazard.^  Several  labs  have  evaluated  compounds  as  well  as 
environmental  mixtures  with  FETAX. An  exogenous  metabolic 
activation  system  has  been  developed  and  evaluated  for  FETAX.’®  ’® 
The  purpose  of  these  experiments  was  to  determine  whether  carrier 
solvents  interacted  with  the  teratogens  methylmercury  chloride,  trichlo¬ 
roethylene,  trans-retinoic  acid  ancTB-aminonicotinamide  to  affect  sur¬ 
vival,  development  and  growth  of  Xenopus  embryos. 
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Experimental 


Chemicals 

Solvents  were  dimethylsulfoxide  (DMSO)  (CAS#  67-68-5;  Sigma 
Chemical  Co.,  St.  Louis,  MO)  acetone  (CAS#  67-64-1;  Fisher  Scientific, 
Houston.  TX),  and  triethylene  glycol  (TG)  (CAS#  1 12-27-6;  Aldrich 
Chemical  Co.,  Milwau  cj,  Wl).  Teratogens  were  methylmercury  chlo¬ 
ride  (MMC)  (CAS#  115-09-3;  FW  251.1;  Pfaltz  &  Bauer  Inc.,  Water- 
bury,  CT),  trichloroethylene  (TCE)  (CAS#  79-01-6;  FW  131.39;  Aldrich 
Chemical  Co.),  trans-retinoic  acid  (RA)  (CAS#  302-79-4;  FW  300.4; 
Sigma  Chemical  Co.)  and  6-aminonicotinamide  (6-AN)  (CAS#  329-89- 
5;  FW  137.1;  Sigma  Chemical  Co.). 

Assay  Procedure 


Animal  care  and  breeding  were  performed  according  to  Bantle  et 
al.  (1989).''®  FETAX  solution,  a  reconstituted  water  medium,  was  used 
as  the  diluent  for  ail  experiments.''^  For  each  concentration-response 
test,  two  groups  of  25  embryos  each  were  placed  In  60  X  15  mm  glass 
Petri  dishes  containing  a  total  of  10  ml  of  solution.  Four  groups  of  25 
embryos  were  exposed  to  FETAX  solution  and  used  as  controls  for 
each  test.  Because  of  the  possible  binding  of  methylmercury  to  glass, 
the  concentration-response  experiments  were  performed  in  60  X  15 
mm  plastic  Petri  dishes  containing  20  embryos  and  a  total  of  8  ml  of 
solution.  Each  experiment  followed  standard  methods  of  test  operation 
and  embryo  evaluation.''®'^®  Stock  concentrations  of  MMC  were  also 
determined  using  cold  vapor  method  for  determining  mercury  concen¬ 
tration.''® 

One  range  and  three  definitive  experiments  were  performed  to 
determined  the  96-hr  LC50,  96-hr  EC50  (malformation).  Teratogenic 
Index  (Tl)  (96-hr  LC50/  96-hr  EC50)  and  Minimum  Concentration  to 
Inhibit  Growth  (MCIG)  for  three  solvents  and  two  teratogens.  The  96- 
hr,  LC25  and  LC50,  and  96-hr,  EC25  and  E(i50  (malformation)  were 
determined  using  Litchfield-Wilcoxon  probit  analysis.^®  Dunnett's  test 
was  used  to  determine  the  No  Observable  Effect  Concentrations 
(NOEC)  for  malformation  and  mortality.  The  MCIG  was  determined  by 
comparing  head-tail  lengths  between  control  and  experimental  groups 
using  the  t-test  for  grouped  observations.  These  data  were  used  in 
determining  test  concentrations  for  the  solvent-compound  interaction 
study.  Malformations  were  determined  using  a  dissecting  microscope 
to  observe  deviations  from  normal  development.^^  Typical  examples  of 
malformations  are  reduced  head  compared  with  rest  of  embryo,  re¬ 
duced  eye,  mouth,  misshapen  head,  eye,  heart,  mouth,  tail  fin,  noto- 
cord,  etc.  The  96-hr  embryo  is  transparent  and  most  internal  organs 
can  be  seen  clearly.  Stunting  (growth  inhibition)  is  not  considered  a 
malformation.  Growth  is  assessed  by  measuring  embryo  head-tail 
lengths. 

Interaction  Study 

Two  concentrations  for  each  solvent  and  test  material  were  se¬ 
lected.  The  two  solvent  concentrations  were  the  NOEC  and  96-hr 


page  134 


EC25.  The  NOEC  is  the  highest  possible  cosolvent  concentration  that 
can  be  used  in  FETAX.  The  96-hr  EC25  was  chosen  in  order  to  posi¬ 
tively  identify  any  interactions  that  might  be  taking  place  that  were  not 
observable  at  lower  concentrations.  MMC  and  TCE  concentrations 
were  the  96-hr  EC25  and  96-hr  LC25.  These  concentrations  allowed 
examination  of  effects  on  both  malformation  and  mortality.  All  terato¬ 
gens  were  soluble  at  these  concentrations  without  the  solvents.  The 
interaction  experiments  contained  individual  treatments  for  all  concen¬ 
trations  and  the  interaction  treatments  for  one  solvent  and  one  terato¬ 
gen  per  experiment.  The  nine  treatments  were:  1)  FETAX  solution 
controls,  2)  EC25  of  teratogen,  3)  LC25  of  teratogen,  4)  NOEC  level  of 
solvent,  5)  EC25  of  solvent,  6)  EC25  of  teratooen  &  NOEC  of  solvent, 
7)  EC25  of  teratogen  &  EC25  of  solvent,  8)  LC25  of  teratogen  &  NOEC 
of  solvent,  and  9)  LC25  of  teratogen  &  EC25  of  solvent.  All  interaction 
experiments  contained  four  replicates  of  25  embryos  each  per  treat¬ 
ment  with  the  exception  of  one  MMC-DMSO  interaction  study  which 
contained  22  embryos  per  treatment.  Results  of  solvent-teratogen 
interaction  studies  represent  three  pooled  experiments  using  three  dif¬ 
ferent  breeding  pairs.  Every  24  hrs,  dead  embryos  were  removed  and 
solutions  changed.  After  96  hrs  of  exposure,  embryos  were  anesthe¬ 
tized  with  3-Aminobenzoic  Acid  Ethyl  Ester  (MS-222)  (CAS#  El -052-1; 
Sigma)  and  the  number  of  malformed  larvae  recorded.  Larvae  were 
then  killed  and  fixed  with  3.0%  (w/v)  formalin  and  head-tail  length 
(growth)  measured. 

ANOVA  was  used  to  determine  differences  from  theoretical  addi¬ 
tive  values  for  mortality,  malformation  and  growth. Values  were 
determined  by  partitioning  the  sum  of  squares  for  the  interactions  on 
mortality  and  malformation  using  the  statistical  software  SYSTAT.^^ 
Growth  interactions  were  determined  in  the  same  manner  with  the 
Statistical  Analysis  System  (SAS).  Effects  on  the  Tl  were  inferred  from 
shifts  of  the  mortality  and  malformation  curves.  In  the  case  of  the 
LC25  of  the  teratogens,  100%  malformations  were  obtained  without 
solvent  addition.  Therefore,  only  a  decrease  in  malformation  could  be 
observed  and  not  an  increase.  For  these  experiments,  decreases  in 
malformation  were  not  observed  for  the  96-hr  LC25  concentration  of 
the  teratogens. 


RESULTS 

PRELIMINARY  EXPERIMENTS 
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Carrier  Solvent  Results 

Previous  work  indicated  that  all  solvents  caused  effects  at  2.0% 
(v/v)  concentrations.  Acetone  produced  the  highest  Tl  value  of  the 
solvents  followed  by  DMSO  and  then  TG  (Table  5).  NOEC  levels  for 
DMSO,  acetone,  and  TG  for  any  endpoint  were  1.0%  (v/v),  0.9%  (v/v), 
and  1.7%  (v/v),  respectively.  The  96-hr  EC25  (malformation)  for 
DMSO,  acetone  and  TG  were  1.2%  (v/v),  1.0%  (v/v),  and  2.0%  (v/v), 
respectively. 


Developmental  Toxicity  of  the  Teratogens 

All  the  teratogens  proved  to  have  teratogenic  potential  in  FETAX. 
The  ranking  of  most  teratogenic  potential  to  feast  was  6-AN  >  RA  > 
TCE  >  MMC  (Table  5)  based  only  on  Tl  values.  The  ranking  from  most 
toxic  to  the  least  based  on  average  96-hr  LC50  is  as  follows:  MMC 
(0.4  a/M)  >  RA  (1 .2  fjM)  >  TCE  (2.94  mM)  >  6-AN  (22.39  mM).  The 
96-hr  EC25  (malformation),  and  96-hr  LC25  for  each  teratogen  were  as 
follows:  Retinoic  acid  were  0.02  mo/L  and  0.25  mg/L;  6- 
aminonicotinamide  were  2  mg/L  and  250(5  mg/L;  MMC  were  0.015 
mg/L  and  0.088  mg/L;  TCE  were  0.002%  (v/v)  and  0.035%  (v/v).  It 
was  not  possible  to  determine  MCIG  or  confidence  limits  for  the  first 
TCE  test.  However,  acceptable  confidence  limits  were  obtained  in  all 
other  tests.  The  data  from  these  experiments  was  used  to  predict  the 
EC25  and  LC25  for  the  teratogens.  The  estimation  of  the  EC25  for  the 
three  independent  experiments  for  TCE  ranged  from  19.5%  to  27.5% 
and  the  estimation  of  the  LC25  ranged  from  25.7%  to  38.3%  (Tables 
1 1-13).  therefore,  the  estimates  or  EC25  and  LC25  were  well  within 
acceptable  limits.  The  6-AN  experiments  (Tables  5-7)  indicated  that 
250C)  mg/L  was  closer  to  the  9D^*hr  LC50  than  the  96-hr  EC50.  This 
result  could  have  been  caused  because  Dawson  et  al.  used  antibiotics 
in  the  test  concentrations  to  control  bacterial  growth. Antibiotics 
were  not  used  in  our  experiments  because  possible  interactions  with 
the  antibiotics.  The  mean  MCIG  for  MMC  was  0.038  mg/L,  for  TCE 
was  0.02%  (v/v),  for  RA  was  0.07  mg/L  and  for  6-AN  was  100  mg/L. 


INTERACTION  EFFECTS  CAUSED  BY  SOLVENTS 
Control  Results 


Tables  2  through  13  show  the  pooled  percentage  results  for  all 
experiments.  Control  mortality  and  malformation  was  equal  to  or 
below  1 0%  for  all  but  three  experiments  and  was  never  greater  than 
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12%.  Although  the  control  malformation  and  mortality  varied  from 
experiment  to  experiment,  final  results  were  not  affected  because 
ANOVA  takes  into  account  control  responses.  Table  12  -  Table  14 
shows  that  mortality  due  to  0.088  mg/L  MMC  ranged  from  18.0%  to 
41.7%.  Because  of  this  variability,  values  were  kept  discrete  for  each 
solvent-teratogen  interaction.  These  are  the  percentages  used  to  calcu¬ 
late  the  theoretical  additive  values.  The  percentages  are  the  1 2  repli¬ 
cate  values  averaged  together,  and  the  standard  error  Is  the  error  of 
these  1 2  means. 

Methvimercurv  Chloride  Interactions 

MMC  combined  with  DMSO  caused  significant  {  p  =  0.05  )  inter¬ 
action  only  at  1.2%  (v/v)  DMSO  and  0.088  mg/L  MMC  (Figure  64). 
Mortality  was  increased  by  18%  (  6-35%;  95%  confidence  interval  ). 
In  all  cases,  the  percent  change  refers  to  an  increase  or  decrease 
compared  to  the  theoretical  additive  value.  DMSO  Increased  the  mor¬ 
tality  which  should  decrease  the  96-hr  LC50  and  did  not  significantly 
increase  malformation.  Therefore,  the  96-hr  EC50(malformation) 
should  remain  the  same  with  DMSO.  This  would  reduce  the  Tl  of 
MMC.  One  experiment  contained  22  embryos  per  replicate  due  to  a 
shortage  of  embryos,  and  is  the  reason  the  total  N  per  treatment  is 
different.  All  experiments  showed  similar  results. 

When  MMC  was  tested  with  acetone  there  were  significant  inter¬ 
actions  observed  for  both  mortality  and  malformation  (Figure  64).  MMC 
at  0.015  mg/L  with  0.9%  (v/v)  and  1.0%  (v/v)  acetone  Increased 
malformation  by  16.9%  (  10.9-23.8%;  95%  confidence  interval  )  and 
28.6%  (  21.0-36.9%;  95%  confidence  interval  ),  respectively.  MMC 
at  0.088  mg/L  with  1.0%  (v/v)  acetone  increased  the  mortality  by 
23.7%  (  10.8-40%;  95%  confidence  interval ).  Because  the  synergis¬ 
tic  responses  for  malformation  and  mortality  were  approximately  the 
same,  acetone  would  change  the  96-hr  LC50  and  96-hr  EC50  (malfor¬ 
mation)  the  same.  The  Tl,  therefore,  should  not  change. 

MMC  combined  with  TG  showed  no  significant  interactions  on 
mortality  or  malformation  (Figure  64).  TG,  therefore,  would  not  change 
the  Tl  of  MMC. 

The  Tl  would  be  expected  to  change  for  MMC  only  with  DMSO. 
With  acetone,  the  interaction  is  an  equal  increase  in  mortality  and 
malformation  over  the  expected  additive  value.  This  would  increase 
the  sensitivity  of  the  embryos  to  MMC  when  combined  with  acetone. 
Finally,  when  MMC  was  tested  with  TG  neither  mortality  nor  malforma¬ 
tion  were  changed.  MMC  growth  was  not  changed  from  additive 
effects  for  any  oT  the  solvents. 

Trichloroethylene  Interactions 

Trichloroethylene  combined  with  DMSO  had  significant 
(p  =  0.001)  additive  effects  on  mortality  (Figure  65).  Mortality  for 
0.035%  (v/v)  TCE  was  increased  over  theoretical  additive  values  for 
DMSO  at  1.0%  (v/v)  and  1.2%  (v/v)  by  42.7%  (  21.7-67.7%;  95% 
confidence  interval  )  and  45.3%  (  23.7-70.6%;  95%  confidence  inter¬ 
val  ),  respectively.  However,  malformation  was  not  changed  signifi- 
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cantly  from  theoretical  additive  values.  The  increase  in  mortality  re¬ 
sulted  in  a  decreased  96-hr  LC50.  Because  malformation  was  unaf¬ 
fected,  the  Tl  would  be  lowered. 

TCE  combined  with  acetone  significantly  (  p  =  0.05  )  increased 
mortality  (Figure  65).  The  rate  of  mortality  caused  by  TCE  at  0.035% 
(v/v)  was  increased  with  acetone  at  0.9%  (v/v)  and  1 .0%  (v/v)  by 
16.7%  (  6.4-26.7;  95%  confidence  Interval  )  and  24%  (  13-37.5%; 
95%  confidence  Interval  )  ,  respectively.  The  rate  of  TCE-induced 
malformation  at  0.002%  (v/v)  was  not  significantly  different  from 
theoretical  additive  values.  An  increase  in  mortality  for  acetone  and  no 
change  in  malformation  from  theoretical  values  would  again  cause  a 
reduction  of  the  Tl. 

TCE  combined  with  TG  caused  significant  (  p  =  0.05  )  interaction 
for  both  mortality  and  malformation  (Figure  65).  The  rate  of  TCE-in¬ 
duced  mortality  caused  by  0.035%  (v/v)  TCE  with  1.7%  (v/v)  and 
2.0%  (v/v)  TG  was  increased  over  theoretical  additive  values  by  15% 
(6.2-26.9%;  95%  confidence  interval)  and  20.33%  (  9.97-33.4%; 
95%  confidence  interval  ),  respectively.  The  malformation  caused  by 
0.002%  (v/v)  TCE  and  2.0%  (v/v)  TG  was  significantly  increased  by 
17.2%  (  10.9-24.6%;  95%  confidence  interval  ).  Because  both  mal¬ 
formation  and  mortality  for  TG  showed  an  Increase  of  approximately 
the  same  magnitude,  the  Tl  would  not  be  expected  to  change. 

Trichloroethylene  with  DMSO  and  TCE  with  acetone  caused  an 
increase  in  mortality  and  did  not  change  malformation  significantly. 
TCE  with  TG,  however,  increased  both  mortality  and  malformation. 

Tables  2  and  3  show  the  treatment  effects  for  each  of  the  six 
solvent  interaction  experiments.  Control  malformation  and  mortality 
generally  were  less  than  8%  except  for  two  experiments  (Tables  2  and 
3).  Table  7  revealed  that  2500  mg/L  6-AN  was  not  the  LC25  but  was 
actually  closer  to  the  LC50.  The  reason  for  these  discr^ancies  may  be 
attributed  to  an  antibiotic  used  by  Dawson  et  al.  (1989)  to  control 
bacterial  growth  and  in  the  present  study  no  antibiotic  treatments  were 
used.  Because  the  values  for  solvent  and  compounds  often  varied 
due  to  different  breeding  pairs,  the  values  were  kept  discrete  for  each 
experiment.  For  example,  DMSO  at  1.2%  (v/v)  should  have  caused  25 
percent  malformation.  The  retinoic  acid  experiment  (Table  6)  showed 
20.9%  malformation  for  1.2%  (v/v)  DMSO,  and  the  6-aminonicotina- 
mide  (Table  7)  showed  28.3%  malformation  for  1.2%  (v/v)  DMSO. 


trans-Retinoic  Acid 

The  interaction  results  for  RA  combined  with  DMSO  (Figure  66) 
showed  that  mortality  increased  significantly  at  p  =  0.001 .  DMSO  at 
1  %  (v/v)  and  1.2%  (v/v)  concentrations  with  0.25  mg/L  RA  increased 
mortality  by  34.3%  and  47.3%,  respectively.  Because  malformation  of 
DMSO  with  RA  was  not  significantly  different  at  either  concentration, 
the  synergistic  effect  on  mortality  should  cause  the  mortality  curve  to 
shift  to  the  left  (reducing  the  96-hr  LC50).  DMSO  addition  would 
reduce  the  Tl  for  RA. 
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RA  in  the  presence  of  acetone  (Figure  66)  significantly  increased 
malformation  by  38.5%  with  1  %  (v/v)  acetone  and  0.02  mg/L  RA 
while  not  changing  the  mortality  at  1  %  acetone  and  0.25  mg/L  RA. 
The  synergistic  shift  of  the  malformation  concentration-response  curve 
to  the  left  (reducing  the  96-hr  EC50)  would  increase  the  Tl  with  ace¬ 
tone  at  the  1  %  (v/v)  level.  There  were  no  significant  effects  at  the 
0.9%  (v/v)  level  (NOEC)  of  acetone. 

TG  with  RA  had  effects  on  both  malformation  and  mortality 
(Figure  66).  Malformation  with  2.0%  (v/v)  TG  and  0.02  mg/L  RA  re¬ 
duced  the  additive  value  by  7%  at  p  =  0.059.  Mortality  rates  of  1.7% 
(v/v)  TG  and  2.0%  (v/v)  TG  with  0.25  mg/L  RA  increased  the  additive 
values  by  12.3%  and  23%  respectively.  The  antagonistic  shift  of  the 
malformation  curve  to  the  right  (increasing  the  OB-hr  EC50)  and  the 
synergistic  shift  of  the  mortaliw  curve  to  the  left  (decreasing  96-hr 
LC50)  would  produce  a  reduced  Tl. 

6-Aminonicotinamide 

DMSO  combined  with  6-AN  synergistically  increased  mortality 
rates  at  both  levels  of  the  solvent  at  p  =  0.001  (Figure  67).  The  in¬ 
crease  in  mortality  for  1%  (v/v)  DMSO  and  1.2%  (v/v)  with  2500  mg/L 
6-AN  was  49.3%  and  45.7%,  respectively.  The  mortality  curve  would 
shift  to  the  left,  decreasing  the  96-hr  LC50  and  reducing  the  Tl. 

Acetone  tested  with  6-AN  had  significant  effects  at  p  <  =  0.05 
for  both  malformation  and  mortality  (Figure  67).  The  malformation 
decreased  with  0.9%  (v/v)  acetone  and  2  mg/L  6-AN  by  6.8%. 
However,  the  1.0%  (v/v)  acetone  with  2  mg/L  6-AN  increased  malfor¬ 
mation  by  only  1.2%.  The  mortality  caused  by  acetone  with  6-AN 
increased  for  0.9%  (v/v)  acetone  and  1%  (v/v)  acetone  with  2500 
mg/L  6-AN  by  39%  and  38%  respectively.  Because  the  synergistic 
increase  in  mortality  (reducing  the  y6-hr  LCoO)  outweighed  the  antago¬ 
nistic  effects  on  malformation,  the  Tl  should  be  reduced. 

TG  In  the  presence  of  6-AN  significantly  increased  both  malforma¬ 
tion  and  mortality  at  p  <  =0.05  (Figure  67).  TG  at  1.7%  (v/v)  and  2% 
(v/v)  combined  with  2  mg/L  6-AN  increased  malformation  by  34.5% 
and  14.2%,  respectively.  Mortality  increased  for  1.7%  (v/v)  TG  and 
2.0%  (v/v)  with  2500  mg/L  6-AN  by  12.7%  and  1 1 .3%,  respectively. 
Both  mortality  and  malformation  were  both  increased  by  approximately 
(reducing  both  the  96-hr  LC50  and  96-hr  EC50)  the  same  amount, 
therefore,  the  Tl  should  not  change  appreciably. 
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DISCUSSION 

The  Teratogenic  Index  (Tl)  is  the  ratio  of  the  96-hr  LC50/96-hr 
EC50  (malformation)  and  represents  the  separation  between  the  mortal¬ 
ity  and  malformation  curves.  It  would  be  expected  that  for  compounds 
to  induce  malformations  without  causing  mortality  that  the  96-hr  EC50 
(malformation)  should  be  less  than  the  96-hr  LC50.  This  is  not, 
however,  the  only  way  to  classify  compounds  because  the  number  of 
malformations  do  not  give  information  on  the  types  or  severity  of  these 
malformations.  The  separation  between  the  two  curves  is  considered 
to  be  sufficient  to  pose  significant  teratogenic  hazard  when  the  Tl  > 

1 .5.^®'^®  If  a  synergistic  or  antagonistic  response  altered  a  Tl,  false 
conclusions  regarding  teratogenic  hazard  could  result. 

MMC  is  known  to  cause  cleft  palate  in  mice.^®  IVIMF 
known  to  affect  development  of  several  fetal  systems. TCE  is 
known  to  induce  strand  breaks  iri  DNA  in  the  rat  and  mouse  liver  in 
vivo  and  to  be  weakiy  mutaaenic.^®'®®  TCE  causes  abnormal  develop¬ 
ment  of  chick  embryos. However,  TCE  does  net  show  strong 
teratogenic  effects  in  the  rat  inhalation  studies  but  did  produce  skelet^ 
anomalies.®^  Route  of  e^osure  is  important  when  comparing  relative 
toxicity,  teratogenicity.  TCE  seems  to  show  wide  species  variation  in 
response.  These  sources  support  that  MMC  and,  perhaps,  TCE  should 
be  teratogenic  in  FETAX.  Mammalian  literature  indicated  that  6-AN 
caused  congential  malformations.®"^'®®  RA  has  also  been  shown  to 
cause  embryo  defects,  such  as  malformed  limbs. ®®‘®^ 

The  interaction  results  show  that  the  carrier  solvents  do  interact 
with  teratogens.  Of  the  three  indicators  measured,  mortality  and 
malformation  were  potentiated,  while  growth  was  not  affected.  Typi¬ 
cally,  growth  and  malformation  are  the  more  sensitive  endpoints. 
However,  more  interactions  were  discovered  with  mortality.  This 
shows  that  a  change  in  one  endpoint  does  not  necessarily  result  in  a 
change  in  the  others.  This  study  also  shows  that  the  choice  of  carrier 
soivents  is  critical  because  the  different  carrier  solvents  caused  differ¬ 
ent  interactions.  For  example,  only  acetone  caused  effects  at  the 
NOEC  with  MMC.  However,  all  solvents  caused  effects  when  com¬ 
bined  with  TCE  at  the  NOEC.  While  TG  had  no  observable  effects 
with  MMC,  both  malformation  and  mortality  were  significantly  changed 
with  TCE. 

Malformations  caused  by  all  interaction  treatments  did  not  pro¬ 
duce  new  or  different  types  or  malformation.  All  malformations  were 
the  same  type  as  seen  with  individual  control  treatments  for  each 
teratogen  and  solvent.  Differences  were  in  the  magnitude  of  the 
response  and  the  number  of  malformations.  Acetone  nas  previously 
been  shown  to  change  mutagenic  potential  of  N-Methyl-N-nitrosourea 
and  to  interact  on  membrane  integrity.®'®®  DMSO  has  been  shown  to 
interact  with  secalonic  acid  D  to  alter  teratogenicity  in  mice.®®  These 
papers  support  the  results  of  this  study  where  interactions  were  found 
Between  MMC  and  TCE,  and  the  three  solvents. 

Carriei  solvents,  although  sometimes  necessary,  need  to  be  used 
with  caution  at  the  lowest  solvent  concentrations  possible.  If  possible, 
several  different  carrier  solvents  should  be  used  separately  to  determine 
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if  the  results  are  consistent. Fewer  effects  were  seen  at  the  NOEC 
than  at  the  96-hr  EC50  for  the  solvents.  Also  interesting,  is  the  find¬ 
ing  that  MMC  was  the  least  teratogenic  and  had  the  fewest  interac¬ 
tions,  while  6-AN,  with  the  highest  Tl,  had  the  most  interactions. 
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mi&s. 


The  96“hr  LC50,  96-hr  EC50 (malformation) ,  Teratogenic  Index 
(TI)®,  and  Minimum  Concentration  to  Inhibit  Growth  (MCIG)  for. 
Dimethylsulf oxide  (DMSO) ,  Acetone,  Triethylene  glycol  (TG) , 
Retinoic  Acid  (RA) ,  6-aminonicotinamide  (6-AN) ,  Methylmercury 
Chloride  (MMC)  and  Trichloroethylene  (TCE) . 


Compound 

Trial 

96-hr  LC50 

96hr  EC50 

TI 

MCIG 

DMSo'^ 

1 

1.81(1.75-1.87°) 

1.4  (1.32-1.48) 

1.3 

1.3 

2 

1.77(1.61-1.95) 

1.29(1.25-1.33) 

1.4 

1.7 

3 

1.86(1.4-2.3) 

1.24(0.83-1.8) 

1.5 

1.5 

Acetone^ 

1 

2.16(2.07-2.25) 

1.4  (1.29-1.43) 

1.6 

1.8 

2 

2.49(2.10-2.95) 

1.4  (1.04-1.36) 

1.8 

1.5 

3 

1.92(1.90-2.14) 

1.06(0.91-1.17) 

1.83 

1.0 

TG*’ 

1 

2.4  (2.02-2.85) 

2.0  (2.01-2.13) 

1.2 

1.8 

2 

2.75(2.70-2.82) 

2.4  (2.37-2.45) 

1.1 

1.8 

3 

2.19(2.19-2.32) 

2.05(1.99-2.11) 

1.07 

1.7 

RA*^ 

1 

0.25(0.22-0.28) 

0.024(0.018-0.031) 

10.4 

0.06 

2 

0.50(0.46-0.61) 

0.044(0.032-0.060) 

11.4 

0.08 

6-AN^'® 

1 

3190(3000  3400) 

5. 3(2. 5-7. 5) 

602 

100 

2 

2950(2800-3100) 

5. 7(5. 3-6. 2) 

518 

NA 

MMC'^ 

1 

0.083(0.080-0.087) 

0.024(0.021-0.028) 

3.4 

0.036 

2 

0.094 (0.088-0.100) 

0.025(0.018-0.034) 

3.7 

0.04 

TCE^' ^ 

1 

0.024 (NA) 

0.0048(0.002-0.011) 

5 

NA 

2 

0.029(0.026-0.032) 

0.0023 (0.001-0.004) 

12.6 

0.02 

?  TI  =  96-hr  LC50/96“hr  EC50  (malformation) . 
“  Concentrations  expressed  as  %  (v/v) . 

^  95%  confidence  limits. 

^  Concentrations  expressed  as  mg/L. 

®  Data  from  Dawson  et  al.^°  . 

^  Density  =  1.462. 


NA  =  Not  Available. 
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Table  6 

Effects  of  Dimethyl  Sulfoxide  (DNSO),  Retinoic  Acid  (RA)  end  their  Interactions  on 
Hortality,  Malformation  and  Growth. 


Treatawit* 

Mortality 

Nalfonaation 

Mean  Length 

No. 

(X) 

No.  (X) 

(mm) 

FETAX  SOln. 

Control 

11 

(3.7  1 

1.43^*) 

12  (4.2  ♦  0.77) 

9.61  +  0.064 

DMSO 

RA 

> 

> 

(mg/L) 

1.0 

11 

(3.7  ♦ 

0.77) 

29  (10.1  +  1.53) 

9.44  +  0.092 

1.2 

22 

(7.3  i 

1.76) 

58  (20.9  +  0.94) 

9.17  +  0.064 

0.02 

18 

(6.0  i 

1.15) 

65  (23.0  +  3.58) 

9.58  +  0.081 

0.25 

64 

(21.3  i 

6.86) 

236  (100.0) 

7.06  +  0.381 

1.0 

0.02 

13 

(4.3  i 

1.25) 

104  (36.3  *  6.06) 

9.15  +  0.098 

1.2 

0.02 

15 

(5.0  i 

1.31) 

111  (38.9  +  3.61) 

9.10  ♦  0.069 

1.0 

0.25 

167 

(55.7  + 

7.95) 

133  (100.0) 

6.55  +  0.305 

1.2 

0.25 

217 

(72.3  i 

9.84; 

83  (100.0) 

6.25  ♦  0.460 

\ 


®  H  for  all  treatments  equaled  300  embryos  from  three  separate  experiments.  There 
were  12  dishes  of  25  embryos  each. 

Standard  Error  of  Mean. 
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Table  7 

Effects  of  Acetone,  Retinoic  Acid  (RA)  end  their  Interactions  on  Mortality,  Malforina 
tion  and  Growth. 


Mortality 

Nalfonaation 

Mean  Length 

No.  (X) 

Ho.  (X> 

(■i) 

FETAX  soln. 


Control 

6 

(2.0  + 

0.78*’) 

14 

(4.7  +  1.54) 

9.54  +  0.046 

Acetone 

RA 

X(v/v) 

(mg/L) 

0.9 

9 

(3.0  + 

1.22) 

31 

(10.6  i  1.6T) 

9.04  i  0.061 

1.0 

13 

(4.3  + 

1.25) 

65 

(22.7  +  1.i2) 

8.94  +  0.087 

0.02 

12 

(4.0  ♦ 

1.21) 

93 

(32.2  +  5.49) 

9.17  +  0.087 

0.25 

87 

(29.0  + 

7.45) 

213 

(100.0) 

6.33  1  0.352 

0.9 

0.02 

17 

(5.7  + 

1.04) 

145 

(51.1  ♦  5.18) 

8.89  +  0.066 

1.0 

0.02 

18 

(6.0  t 

2.25) 

251 

(89.2  +  4.94) 

8.61  + 

0.9 

0.25 

132 

(44.0  * 

9.86) 

168 

(100.0) 

6.20  +  0.211 

1.0 

0.25 

120 

(40.0  + 

11.79) 

180 

(100.0) 

6.11  +  0.140 

‘  N  for  all  treatments  equaled  300  embryos  from  three  separate  experiments.  There 
were  12  dishes  of  25  embryos  each. 

^  Standard  Error  of  Mean. 
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Effects  of  Triethylene  Glycol  (TG),  Retinoic  Acid  (RA)  end  their  Interactions  on 
Hortality,  Halformation  and  Growth. 


TreatBKnt* 

Mortality 

Nalfonaation 

Mean  Length 

No. 

(X) 

No. 

(X) 

(■a) 

FETAX  soln. 

Control 

23 

(7.7  + 

2.9^*) 

22 

(7.9  +  0.67) 

9.36  +  0.061 

TG  RA 

X(v/v)  (mg/L) 

1.7 

35 

(11.7  + 

2.53) 

58 

(22.1  +  2.68) 

8.28  +  0.144 

2.0 

27 

(9.0  + 

2.04) 

94 

(34.5  +  2.76) 

8.31  +  0.234 

0.02 

20 

(6.7  + 

2.22) 

68 

(24.5  i  1.62) 

9.17  *  0.061 

0.25 

5A 

00 

o 

1+ 

4.89) 

246 

(100.0) 

7.32  i  0.237 

1.7  0.02 

26 

(8.7  + 

2.78) 

100 

(36.4  +  3.72) 

8.43  +  0.199 

2.0  0.02 

25 

(8.3  + 

2.78) 

131 

(47.7  +  4.76) 

8.32  +  0.210 

1.7  0.25 

115 

(38.3  + 

9.99) 

185 

(100.0) 

6.20  1  0.390 

2.0  0.25 

139 

(46.3  + 

11.11) 

161 

(100.0) 

6.48  ±  0.498 

^  N  for  all  treatments  equaled  300  embryos  from  three  separate  experiments.  There 
were  12  dishes  of  25  embryos  each. 

Standard  Error  of  Mean. 
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Table  9 

Effects  of  Dimethyl  Sulfoxide  (DMSO),  d-Aminonicotinamide  (6-AN>  end  their  Interac¬ 
tions  on  Mortality,  Malformation  and  Growth. 


Treatment* 

Mortality 

NalfonMtion 

Mean  Lenath 

No.  (X) 

No.  (X) 

(■a) 

FETAX  soln. 

Control 

12  (4.0  i  1.39^’) 

26 

(8.9  +  2.10) 

9.51  +  0.115 

DMSO  6-AN 

X(v/v)  (mg/L) 

1.0 

14  <4.7  *1.69) 

43 

(15.0  i  1.70) 

9.55  +  0.124 

1.2 

25  (8.3  +  2.97) 

78 

(28.3  +  3.11) 

9.60  +  0.144 

2.0 

12  (4.0  +  1.30) 

71 

(24.8  +  1.80) 

9.77  +  0.064 

2500 

150  (50.0  +  5.34) 

150 

(100.0) 

6.70  i  0.063 

1.0  2.0 

18  (6.0  ♦  1.94) 

94 

(33.4  +  4.41) 

9.71  i  0.167 

1.2  2.0 

19  (6.3  +  2.43) 

132 

(46.9  ±  6.84) 

9.56  1  0.124 

1.0  2500 

300(100.0) 

1.2  2500 

300(100.0) 

®  N  for  all  treatments  equaled  300  embryos  from  three  separate  experiments.  There 
were  12  dishes  of  25  embryos  each. 

^  Standard  Error  of  Mean. 
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Effects  of  Acetone,  6*Ann'nonicotinamide  (6-AN)  and  their  Interactions  on  Mortality, 
Malformation  and  Growth. 


Treatment* 

Mortality 

Ho.  (X) 

Malformation 

Ho.  (X) 

Mean  Length 

(MB) 

FETAX 

soln. 

Control 

7  (2.3  +  1.25) 

15  <5.1  ♦  0.74) 

9.72  +  0.084 

Acetone 

6-AN 

XCv/v) 

(mg/L) 

0.9 

11  (3.7+1.0A) 

43  <15.0  +  1.26) 

9.43  +  0.072 

1.0 

20  <6.7  +  2.16) 

74  <26.6+1.61) 

9.17  +  0.061 

2.0 

10  <3.3  +  1.46) 

70  <24.2  +  1.23) 

9.76  +  0.075 

2500 

167  <55.7  +  8.76) 

133  <100.0) 

6.06  +  0.182 

0.9 

2.0 

25  <8.3  1  2.89) 

75  <27.2  +  1.06) 

9.29  +  0.098 

1.0 

2.0 

11  <3.7+1.04) 

135  <46.8  +  2.87) 

9.10  ♦  0.058 

0.9 

2500 

288  <96.0  +1.21) 

12  <100.0) 

6.08  +  0.084 

1.0 

2500 

294  <98.0  +  1.15) 

6  (100.0) 

5.84  +  0.055 

®  N  for  all  treatments  equaled  300  embryos  from  three  separate  experiments.  There 
were  12  dishes  of  25  embryos  each. 

^  Standard  Error  of  Mean. 


page  150 


Table  1 1 

Effects  of  Triethylene  Glycol  (TG),  6‘Atninonicotinemide  (6-AN)  and  their  Interactions 
on  Mortality,  Malformation  and  Growth. 


Treatment* 

Mortality 

No.  (X) 

Malformation 

No.  (X) 

Mean  Length 

(■a) 

FETAX  soln. 

Control 

29  (9.7  +  2.97) 

17 

(6.5  +  1.45) 

9.44  +  0.136 

TG  6-AH 

X(v/v)  (mg/L) 

1.7X 

52  (17.3  ♦  6.35) 

40 

(16.0  +  2.42) 

9.00  +  0.156 

2.0% 

57  (19.0  +  6.A4) 

113 

(46.6  +  4.11) 

8.60  +  0.202 

2.0 

26  (8.7  +  3.18) 

57 

(20.9  +  1.36) 

9.50  +  0.181 

2500 

209  (69.7  +  9.98) 

91 

(100.0) 

6.69  +  0.147 

1.7%  2.0 

64  (21.3  +  6.27) 

168 

(71.4  1  7.47) 

8.60  +  0.240 

2.0%  2.0 

33  (11.0  ♦  5.10) 

218 

(81.6  +  4.14) 

8.40  *  0.240 

1.7%  2500 

299  (99.7  +  0.33) 

1 

(100.0) 

7.74 

2.0%  2500 

300(100.0) 

^  N  for  all  treatments  equaled  300  embryos  from  three  separate  experiments.  There 
were  12  dishes  of  25  embryos  each. 

Standard  Error  of  Mean. 
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Table  12 


Effects  of  Dimethyl  Sulfoxide  (DMSO),  Methylmercury  Chloride  (MMC)  end  their  Interac¬ 
tions  on  Mortality,  Malformation  and  Growth. 


Treatment 

8 

Mortality 

No.  (X) 

Malformation 

No.  (X) 

Mean  Length 

(mm) 

FETAX  soln. 

Control 

18 

(6.3  +  2.72*’) 

18 

(7.0  +  1.42) 

9.34  +  0.069 

DMSO 

MMC 

%(v/v) 

(mg/L) 

1.0 

23 

(8.3  i  1.94) 

24 

(9.4  ♦  1.34) 

9.16  +  0.069 

■!.2 

27 

(9.6  +  2.43) 

75 

(29.8  +  3.92) 

8.95  +  0.072 

0.015 

19 

(6.7  +  2.71) 

50 

(19.3  +  1.65) 

9.22  +  0.086 

0.088 

117 

(41.7  +  8.26) 

163 

(100) 

7.55  +  0.129 

1.0 

0.015 

22 

(7.7  +  2.33) 

65 

(25.0  +  2.34) 

9.21  +  0.086 

1.2 

0.015 

70 

(25.0  +  7.75) 

109 

(51.8  +  9.18) 

8.85  +  0.090 

1.0 

0.088 

123 

(44.0  +  9.62) 

157 

(100) 

7.88  +  0.213 

1.2 

0.088 

176 

(63.0  +10.33) 

104 

(100) 

7.68  +  0.253 

°  N  for  all  treatments  equaled  288  etrbryos  from  three  separate  experiments.  Two 
experiments  contained  25  embryos  per  dish  (8  dishes),  and  one  experiment  con 
tained  22  embryos  per  dish  (4  dishes). 

^  Standard  Error  of  Mean. 
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Mfiia 

Effects  of  Acetone,  hethylmercury  Chloride  (HMC)  and  their  Interactions  on  Mortality, 
Malformation  and  Growth. 


Treatment* 

Mortality 

No.  (X) 

Malformation 

No.  (X) 

Mean  Length 

(mm) 

FETAX  soln. 

Control 

22 

(7.3  ±  2.08^*) 

33 

(11.8  +  2.01) 

9.47  +  0.069 

Acetone 

HMC 

X(v/v) 

(tng/L) 

0.9 

23 

(7.7  i  2.89) 

56 

(20.3  +  1.55) 

8.97  +  0.064 

1.0 

16 

(5.3  ♦  1.50) 

100 

(35.2  +  1.95) 

8.78  +  0.075 

0.015 

18 

(6.0  ♦  2.44) 

63 

(22.2  +  0.97) 

9.41  1  0.130 

0.088 

54 

(18.0  i  4.45) 

246 

(100) 

8.85  i  0.127 

0.9 

0.015 

21 

(7.0  +  2.04) 

133 

(47.6  i  4.17) 

8.95  +  0.098 

1.0 

0.015 

32 

(10.7  +  2.76) 

199 

(74.2  1  5.59) 

8.70  +  0.104 

0.9 

0.088 

89 

(29.7  i  7.65) 

211 

(100) 

7.81  *  0.135 

1.0 

0.088 

119 

(39.7  410.16) 

181 

(100) 

7.71  +  0.107 

°  N  for  all  treatments  equaled  300  embryos  from  three  separate  experiments.  There 
were  12  dishes  of  25  embryos  each. 

^  Standard  Error  of  Mean. 
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1^14 


Effects  of  Triethylene  GlycoKTG),  Methylmercury  Chloride  <MHC>  and  their  Interac¬ 
tions  on  Mortality,  Malformation  and  Growth. 


T  reatment* 

Mortality 

Malformation 

Mean  Length 

No.  (X) 

No.  (X> 

(mm) 

FETAX  soln. 


Control 

30 

(10.0  i  2.00*’) 

25 

(9.4  +  1.47) 

9.27  +  0.084 

TG 

MHC 

< 

< 

<mg/L) 

1.7 

15 

(5.0  +  0.87) 

35 

(12.3  +  1.41) 

9.14  ♦  0.087 

2.0 

21 

(7.0  1  2.04) 

103 

(36.8  +  3.48) 

8.88  +  0.087 

0.015 

2A 

(8.0  1  2.46) 

59 

(21.5  +  0.99) 

8.99  +  0.092 

0.088 

81 

(27.0  +10.00) 

219 

(100) 

8.00  +  0.187 

1.7 

0.015 

17 

(5.7  1  1.59) 

93 

(32.7  +  2.80) 

9.33  +  0.066 

2.0 

0.015 

19 

(6.3  +  3.21) 

160 

(57.1  +  5.80) 

9.19  +  0.118 

1.7 

0.088 

60 

(20.0  ♦  6.73) 

240 

(100) 

8.06  +  0.269 

2.0 

0.088 

51 

(17.0  +  4.15) 

249 

(100) 

8.07  +  0.199 

®  N  for  all  treatments  equaled  300  embryos  from  three  separate  experiments.  There 
were  12  dishes  of  25  embryos  each. 

^  Standard  Error  of  Mean. 
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Tm&13. 

Effects  of  Dimethyl  SulfoxidelDHSO),  Trichloroethylene  (TCE)  erJ  their  Interactions 
on  Mortality,  Malformation  and  Growth. 


Treatment" 

X(v/v) 

Mortality 

No.  (X) 

Malformation 

No.  (X) 

Mean  Length 

(mm) 

FETAX  soln. 

Control 

22 

(7.3  ♦ 

3.07“) 

25 

(9.0  + 

1.72) 

9.35  +  0.101 

OMSO  TCE 

1.0 

18 

(6.0  1 

2.63) 

31 

O 

1  + 

1.35) 

9.14  i  0.072 

1.2 

31 

(10.3  t 

4.07) 

77 

(28.8  + 

2.42) 

8.92  *  0.124 

0.002 

21 

(7.0  ♦ 

6.29) 

58 

(20.9  1 

1.12) 

9.40  +  0.118 

0,035 

115 

(38.3  1 

10.69) 

185 

(100) 

7.73  t  0.115 

1.0  0.002 

16 

(5.3  ♦ 

1.80) 

81 

(28.7  ♦ 

2.04) 

9.14  ♦  0.089 

1.2  0.002 

42 

o 

1+ 

4.13) 

118 

(45.9  1 

1.78) 

8.92  +  0.109 

1.0  0.035 

239 

(79.7  1 

9.24) 

61 

(100) 

7.55  ♦  0.219 

1.2  0.035 

260 

(86.7  ♦ 

6.44) 

40 

(100) 

7.08  +  0.112 

°  H  for  all  treatments  equaled  300  embryos  from  three  separate  experiments.  There 
were  12  dishes  of  25  embryos  per  dish. 

^  Standard  Error  of  Mean. 
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MdelS 

Effects  of  Acetone,  Trichloroethylene  (TCE)  and  their  Interactions  on  Mortality, 
Malformation  and  Growth. 


Treatment® 

X<v/v) 

Mortality 

No.  (X) 

Malformation 

No.  (X) 

Mean  Length 

(mm) 

FETAX 

soln. 

Control 

17 

(5.7  + 

2.00^*) 

15 

(5.15+  1.44) 

9.36  +  0.069 

Acetone 

TCE 

0.9 

37 

(12.3  1 

4.52) 

47 

(17.9  +  1.49) 

9.01  +  0.066 

1.0 

19 

(6.3  + 

2.12) 

124 

(44.3  +  4.13) 

8.91  +  0.095 

0.002 

11 

(3.7  + 

1.51) 

56 

(19.5  +  1.26) 

9.31  +0.072 

0.035 

77 

(25.7  + 

7.84) 

223 

(100) 

8.21  +  0.179 

0.9 

0.002 

34 

(11.3  1 

3.30) 

111 

(41.7  i  2.93) 

9.02  +  0.101 

1.0 

0.002 

21 

(7.0  + 

3.94) 

175 

(62.7  1  4.41) 

8.88  +  0.081 

0.9 

0.035 

147 

(49.0  i 

7.61) 

153 

(100) 

7.69  +  0.133 

1.0 

0.035 

151 

(50.3  + 

9.33) 

149 

(100) 

7.76  +  0.268 

°  N  for  all  treatments  equaled  300  embryos  from  three  separate  experiments.  There 
were  12  dishes  of  25  embryos  per  dish. 

^  Standard  Error  of  Mean. 
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lBt2l£l2 

Effects  of  Triethylene  Glycol  (TG),  Trichloroethylene  (TCE)  and  their  Interactions  on 
Mortality,  Malformation  and  Growth. 


Treatment* 

X(v/v) 

Mortality 

No.  (X) 

Malformation 

No.  <X) 

Mean  Length 

<mm) 

FETAX  soln. 

Control 

32 

<10.7  i 

2.80^*) 

29 

<10.8  t  2.35) 

9.29  £  0.127 

TG  TCE 

1.7 

18 

<6.0  + 

1.87) 

63 

<22.2  £  2.31) 

9.13  £  0.121 

2.0 

23 

<7.7  1 

2.17) 

101 

<36.4  £  2.41) 

8.76  £  0.165 

0.002 

32 

<10.7  + 

2.33) 

74 

<27.5  £  2.70) 

9.24  £  0.129 

0.035 

99 

<33.0  ♦ 

9.57) 

201 

<100) 

8.03  £  0.292 

1.7  0.002 

25 

<8.3  £ 

2.28) 

132 

<48.1  £  7.05) 

8.91  £  0.150 

2.0  0.002 

27 

<9.0  * 

2.15) 

192 

<70.3  £  6.97) 

8.60  £  0.182 

1.7  0.035 

130 

<43.3  + 

10.92) 

170 

<100) 

7.62  £  0.354 

2.0  0.035 

151 

<50.3  ♦ 

11.01) 

149 

<100) 

7.39  £  0.387 

‘  N  for  all  treatments  equaled  300  embryos  from  three  separate  experiments.  There 
were  12  dishes  of  25  embryos  per  dish. 

^  Standard  Error  of  Mean. 


Figure  64. 
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standard  error  of  the  actual  mean  effect  for  the  solvent  and  test  compound.  *  =  significantly  different  at  p=o.U! 
**  =  significantly  different  at  p =0.001.  Solvents  are  Dimethyl  Sulfoxide  (DMSO),  Acetone  (AC)  and  Triethylene 
Glycol  (TG).  Significant  interaction  accounts  for  variation  between  experiments. 
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Significant  interaction  accounts  for  variation  between  experiments. 


Figure  66. 
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AN).  Zero  value  represents  the  expected  additive  effect  for  the  solvent  and  test  compound,  trror  oars  are  tne  stand¬ 
ard  error  of  the  actual  mean  effect  for  the  solvent  and  test  compound.  *  =  significantly  different  at  the  p  =  0.05  and 
**  =  significantly  different  at  p  =  0.001 .  Solvents  are  Dimethyl  Sulfoxide  (DMSO),  Acetone  (AC)  and  Triethylene 
Glycol  (TG).  Significant  interaction  accounts  for  variation  between  experiments  and  is  why  two  close  values  are  signif¬ 
icantly  different. 
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Flare  23.  Side  view,  from  top  to  bottom  Control,  RA.  0.02  mg/L, 
DMSO  1.2%  v/v,  RA  0.02  mg/L  &  DMSO  1.2%  (v/v) .  Note 
blunting  of  head  of  RA  larva,  and  slight  tail  muscular 
kinking  of  DMSO  larva.  The  combined  embryo  shows  both 
blunting  and  tail  muscular  kinking. 


Flare  29.  7enrral  View,  from  left  ro  right  Control,  RA  0.02  mg/L, 
DMSO  1.2%  v/v,  RA  0.02  mg/L  &  DMSO  1.2%  v/v.  Both  RA 
and  DMSO  induce  loose  gut  coiling  individually  and 
roaether . 


Plate  30.  Side  view,  from  top  to  bottom,  Control,  RA  0.25  mg/L  , 
DMSO  1.0%  v/v,  RA  0.25  mg/L  &  DMSO  1.0%  v/v.  The 
server ity  of  the  embryo  is  not  changed  due  to  the 
addition  of  DMSO  1.0%. 


Plate  31.  '/entral  view,  from  right  to  left.  Control,  RA  0.025 
mg/L,  DMSO  1.0%,  ?J^  0.25  mg/L  &  DMSO  1.0%. 


lare  22.  Side  view,  from  top  to  bottom.  Control,  RA  0.25  mg 
DMSO  1.2%  v/v,  RA  0.25  mg/L  &  DMSO  1.2%  v/v. 


late  33.  Ventral  view,  from  right  ro  left.  Control,  RA  0.25 
mg/L,  DMSO  1.2%  v/v,  RA  0.25  mg/L  &  DMSO  1.2%  v/v. 


Plate  34.  Side  view,  from  top  to  bottom,  Control,  RA  0.02  mg/L, 
Acetone  0.9%  v/v,  RA  0.02  mg/L  &  Acetone  0.9%  v/v. 


Plate  35.  Ventral  view,  from  left  to  right.  Control,  RA  0.02 
mg/L,  Acetone  0.9%  v/v,  RA  0.02  mg/L  &  Acetone  0.9% 
v/v. 


Plate  36.  Side  view,  from  top  to  bottom,  Control,  RA  0.02  mg/L, 
Acetone  1.0%  v/v,  RA  0.02  mg/L  &  Acetone  1.0%  v/v. 


Plate  27.  Ventral  view,  from  left  to  right,  Control,  RA  0.02 
mg/L,  Acetone  1.0%  v/v,  RA  0.02  mg/L  &  Acetone  i.0% 
v/v. 
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Flare  38.  Side  view,  from  rop  to  bottom,  Control,  RA  0.25  mg/L, 
Acerone  0.9%  v/v,  RA  0.25  mg/L  &  Acetone  0.9%  v/v. 


Flare  39.  Venrral  view,  from  left  to  right.  Control,  RA  0.25 
mg/L,  Acetone  0.9%  v/v,  RA  0.25  mg/L  &  Acetone  0.9% 
v/v. 
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Flare  40.  Side  view,  from  top  to  bottom,  Control,  RA  0.25  mg/L, 
Acetone  1.0%  v/v,  RA  0.25  mg/L  «  Acetone  1.0%  v/v. 


Flare  41.  Venrral  view,  from  left  to  right,  Control,  RA  0.25 
mg/L,  Acetone  1.0%  v/v,  RA  0.25  mg/L  &  Acetone  1.0% 
v/v. 


Plate  42,  Side  view,  from  top  to  bottom.  Control,  RA  0.02  mg/L, 
TG  2.0%  v/v,  RA  0.02  mg/L  &  TG  2.0%  v/v. 


late  43.  Ventral  view,  from  right  to  left,  Control,  RA  0.02 
mg/L,  TG  2.0%  v/v,  ?J^  0.02  mg/L  &  TG  2.0%  v/v. 
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Place  45.  Vencral  view,  from  left  zo  right,  Control,  RA  0.25 
ng/L,  HG  1.7%  v/v,  RA  0.25  ng/L  &  TG  1.7%  v/v. 


Plate  46.  Side  view,  from  top  to  bottom,  Control,  kA  0.25  raa/L, 
TG  2.0%  v/v,  RA  0.25  mq/L  &  TG  2.0%  v/v. 


Plate  47.  Ventral  view,  from  left  to  right,  Control,  RA  0.25 
mg/L,  TG  2.0%  v/v,  RA  0.25  mg/L  &  TG  2.0%  v/v. 
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3.  Metabolic  Activation  System 

Acetaminophen:  Acetaminophen  (Tylenol)  is  listed  as  a  variable 
negative  that  may  be  altered  by  metabolism  (Table  3).  Shepard  (34)  indicated 
that  there  was  no  evidence  for  human  teratogenicity  and  most  of  the  animal 
studies  were  negative.  Potter  et  al .  (44)  presented  evidence  that  cytochrome 
P-450  was  invr.ived  in  the  conversion  of  Acetaminophen  to  an  N-hydroxy 
derivative  that  causes  hepatic  necrosis  in  rats.  This  made  the  study  of 
Acetaminophen  interesting  because  it  may  be  negative  without  an  in  vitro 
metabolic  activation  system  (MAS)  but  positive  with  the  rat  liver  MAS. 
Mammals  may  be  able  to  ameliorate  these  negative  effects  because  of  the 
placental  relationships. 

Table  2  shows  the  effects  of  Acetaminophen  on  Xenopus  growth  and 
development.  This  compound  has  turned  out  to  be  very  unusual  in  its  mode  of 
action.  Although  its  solubility  in  aqueous  solutions  is  excellent  it 
nonetheless  gave  highly  variable  results.  We  have  run  this  test  6  times  with 
three  different  operators  and  continue  to  get  unusual  results.  We  only 
presented  three  of  these  experiments  to  conserve  space.  Dose-response  curves 
undulate  slightly  (Figure  g^Q)  and  the  96-hr  LC50  can  shift  as  is  seen  in  the 
third  definitive  test  with  antibiotics.  Some  of  the  variability  seen  can  be 
due  to  the  presence  of  bacteria  as  the  inclusion  of  penicillin  and 
streptomycin  improve  embryo  survival  (definitive  #3).  However,  interaction 
between  antibiotic  and  Acetaminophen  must  be  considered.  We  are  continuing 
to  explore  this  possibility  in  our  lab.  Acetaminophen  is  negative  in  FETAX 
for  at  least  the  majority  of  the  tests  conducted  as  the  mean  TI  for 
definitives  1  and  2  is  only  1.3.  The  mean  MCIG  is  0.11  and  Figures  59  and  71 
show  that  Acetaminophen  does  not  affect  growth  until  nearly  65%  of  the  96-hr 
LC50.  Therefore,  the  best  data  available  shows  that  Acetaminophen  is  a- 
negative  in  FETAX  when  there  is  no  metabolic  activation  system  present.  At 
this  time  we  have  not  added  the  MAS  to  the  experiment.  If  the  mammalian 
literature  is  correct,  the  addition  of  rat  liver  microsomes  may  affect  the 
96-hr  LC  and  EC  50  (ma  1  f  orraa  t  ion )  but  this  should  not  change  the  TI  or  the 
final  conclusion  that  Acetaminophen  is  not  a  developmental  toxicant.  At  this 
time  we  do  not  have  any  pictures  of  Acetaminophen  treated  embryos. 
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ACETAMINOPHEN  D 1 


Figure  68*  96-h  Mortality  and  Malformation  Dose-Response  Curves  for 
Acetaminophen,  Definitive  Test  #1.  The  curve  includes  only  those  points  used 
in  producing  the  dose -res ponse  curve  although  other  concentrations  were 
testea  as  well  (See:  Appendix).  Each  point  represents  50  embryos  for  each 
concentration . 
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ACETAMINOPHEN  D 1 


Figure  69*  96-h  Growth  Dose-Response  Curve  for  Acetaminophen,  Definitive  Test 
#1  .  The  plot  shows  the  %  of  control  versus  the  %  of  the  96-h  LC50.  Strong 
teratogens  often  cause  reduction  in  growth  at  very  low  percentages  and  the 
slope  of  the  line  is  very  steep.  A  strong  teratogen  can  cause  embryos  to 
become  only  45%  of  control  length  at  high  concentrations. 
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Figure  70 •  96-h  Mortality  and 
Acetaminophen,  Definitive  Test  #2. 
in  producing  the  do se -re s pon se 
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ACETAMINOPHEN 


Figure  71.  96-h  Growth  Dose-Response  Curve  for  Acetaminophen,  Definitive  Test 
#2.  The  plot  shows  the  %  of  control  versus  the  %  of  the  96-h  LC50.  Strong 
teratogens  often  cause  reduction  in  growth  at  very  low  percentages  and  the 
slope  of  the  line  is  very  steep.  A  strong  teratogen  can  cause  embryos  to 
become  only  45%  of  control  length  at  high  concentrations. 
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Ace tazo lamide :  We  have  only  run  a  single  range  test  on  Acetazolamide 
to  date  (Table  3).  Shepard  (34)  has  9  listings  for  Acetazolamide  many  of 
which  indicate  that  Acetazolamide  has  significant  developmental  toxicity. 
Smith  et  al  (22)  provide  evidence  that  Acetazolamide  is  a  teratogen  in 
rodents  but  not  rabbits  and  monkeys.  They  also  indicate  that  it  is  not 
metabolized.  For  this  reason  we  listed  it  in  Table  3  as  a  variable  positive 
that  was  not  subject  to  MAS.  Sabourin  and  Faulk  (14)  reported  a  TI  of  <1.6 
for  Ace tozolamide .  However,  Dumont  obtained  a  TI  of  3.46  for  this  compound. 
We  have  only  performed  a  single  range  test  without  MAS  to  date  and  we  used 
concentrations  that  were  too  low  to  observe  an  effect. 

We  have  scheduled  further  work  on  this  compound  for  the  last  quarter  of 
the  project. 
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Benzo ( a ) pyrene :  Benzo (a)pyrene  (BP)  is  a  common  environmental 
contaminant  which  is  often  produced  through  combustion.  Shepard  (34)  lists 
BP  as  a  developmental  toxicant  with  more  resorptions  (erabryolethality) 
occurring  at  higher  concentrations  than  malformations.  There  is  ample 
evidence  that  metabolic  activation  plays  a  crucial  role  in  the  conversion  of 
BAP  to  an  active  metabolic  that  is  mutagenic  and  able  to  bind  to 
macroraolecules  such  as  DNA  (45).  We  have  listed  BAP  as  a  positive  teratogen 
that  requires  metabolic  activation  for  its  activity  (Table  3).  The  mean  TI 
without  MAS  is  listed  in  Table  3  as  >1  but  the  value  is  really  not  able  to  be 
calculated  because  we  could  not  get  enough  into  solution  to  get  an  adequate 
96-LC50.  The  mean  96-hr  EC50 (malformation)  was  10  ug/ml  without  MAS.  With 
the  j_n_  vitro  MAS,  it  was  still  not  possible  to  get  an  96-hr  LC50  because 
of  solubility  problems  but  the  96  hr -EC 50 (malformation)  was  lowered  to  1.17 
ug/ml  thereby  increasing  the  spread  between  the  theoretical  mortality  curve 
and  the  malformation  dose-response  curve.  Figures  72  and  74  show  two  typical 
malformation  do  s  e -re  s  pons  e  curves  for  BP  with  and  without  MAS.  It  can  be 
seen  that  bioactivation  moves  the  curve  towards  lower  concentrations. 
Figures  73  and  75  show  only  a  modest  increase  in  growth  inhibition  caused  by 
the  metabolic  activation  of  BP. 

In  summation,  metabolic  activation  of  BP  decreased  the  96-hr 
EC  50  (ma  1  f  o rraa  t  ion  )  by  5  to  6  fold.  Embryolethality  was  not  affected  up  to 
the  maximum  soluble  concentration.  Thus,  bioactivation  significantly 
increased  the  potential  hazard  of  BP.  Unactivated  BP  induced  primarily  gut, 
mouth,  and  skeletal  malformations  (Plate  48)«  Bioactivation  increased  the 
severity  of  skeletal  deformities  and  caused  serious  brain  (microencephaly) 
and  eye  malformations  at  low  BP  concentrations.  Some  of  the  malformations 
induced  by  BP  in  mammalian  test  systems  were  similar  to  .  'ose  observed  with 
Xenopus .  Shum  et  al .  (46)  found  that  B-naphthof lavone-enhanced  BP 
metabolism  in  AKR  inbred  mice  injected  with  BP  between  50  and  300  mg/kg  was 
associated  with  increased  utero  toxicity  and  terata  (club  foot,  cleft 
palate  and  lip,  kinky  tail,  hemangioma,  anopthalmia  and  scoliosis).  Skeletal 
Kinking  in  Xenopus  may  bear  some  relationship  to  skeletal  limb  defects  in 
mammals.  Similar  terata  were  also  observed  in  B6  (46)  and  C57BL/6  (47) 
strain  mice  after  i.p.  injection,  but  occurred  more  frequently  than  in  the 
AKR  strain.  Greater  incidence  of  anomalies  found  in  the  B6  strain  has  been 
attributed  to  genetic  variability  in  the  rate  of  BP  biotransformation  (i.e. 
C57BL/6N  and  B6  strain  mice-  a  highly  inducible  P-450  isozyme  (AAH) 
responsible  for  BP  metabolism). 
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BENZO(a)PYRENE  I 


CONCENTRATION  (MG/ML) 

Figure  72  •  96-h  Mortality  and  Malformation  Dose-Response  Curves  for 
Benzo  (a)pyrene  Definitive  Test  #1.  The  curve  includes  only  those  points  used 
in  producing  the  dose-response  curve  although  other  concentrations  were 
tested  as  well  (See:  Appendix).  Each  point  represents  50  embryos  for  each 
concentration. 
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Figure  73  .  96-h  Growth  Dose-Response  Curve  for  Benzo (a) pyrene ,  Definitive 
Test  #1.  The  plot  shows  the  X  of  control  versus  the  %  of  the  96-h  LC50. 
Strong  teratogens  often  cause  reduction  in  growth  at  very  low  percentages  and 
the  slope  of  the  line  is  very  steep.  A  strong  teratogen  can  cause  embryos  to 
become  only  45%  of  control  length  at  high  concentrations. 
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Figure  74.  96-h  Mortality  and  Malformation  Dose-Response  Curves  for 
Ben  20  ( a  )  py  rene  ,  Definitive  Test  #2.  The  curve  includes  only  those  points 
used  in  producing  the  dose-response  curve  although  other  concentrations  were 
tested  as  well  (See:  Appendiy.).  Each  point  represents  50  embryos  for  each 
concentration . 
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Figure  75.  96-h  Growth  Dose-Response  Curve  for  Benzo(a)pyrene ,  Definitive 
Test  #2.  The  plot  shows  the  %  of  control  versus  the  %  of  the  96-h  LC50. 
Strong  teratogens  often  cause  reduction  in  growth  at  very  low  percentages  and 
the  slope  of  the  line  is  very  steep.  A  strong  teratogen  can  cause  embryos  to 
become  only  45%  of  control  length  at  high  concentrations. 


Plate  4Q  .  Effects  of  Different  Concentrations  of  Bento (a) pyrene  on 
Xenopus  Development.  Control  embryos  achieved  Stage  46  at  the  end 
of  the  96  h  exposure  period.  Side  view  presented  to  show  effect  on 
brain,  eye  and  spinal  cord.  From  top  to  bottom:  control,  10  ug/ml 
unactivated,  5  ug/ml  activated. 
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Dimethy Initrosoamine :  Dimethylnitrosoamine  (DMN)  is  a  metabolically 
activated  DNA  alkylating  agent  that  possesses  considerable  clastogenic  (48), 
mutagenic  (49)  and  teratogenic  potential  (50).  DMN  is  probably  metabolized 
to  hydroxymethyl-methylnitrosamine.  This  developmental ly  toxic  intermediate 
is  very  short  lived.  If  the  route  of  injection  in  mice  is  such  that  the  dam 
can  detoxify  the  substance  before  it  gets  to  the  embryo,  then  little 
teratogenicity  occurs  (50).  Vfhen  the  route  of  injection  is  such  that  the  DMN 
metabolite  can  be  formed  and  promptly  delivered  to  the  embryo  then  it  is  a 
potent  tera  ogen.  This  fact  poses  an  unusual  problem  with  FETAX.  Since 
there  is  no  maternal  relationship  and  the  metabolite  should  be  formed  just 
outside  the  Xenopus  embryo  by  the  rat  liver  raicrosomes ,  we  would  predict 
that  unactivated  DMN  would  be  relatively  nonteratogenic  and  that  metabolized 
DMN  would  be  about  as  teratogenic  as  Benzo  ( a )  pyrene .  This  would  be  a 
perfectly  logical  finding  but  nonetheless  a  false  positive  result  depending 
on  the  mammalian  route  of  exposure.  This  points  out  the  danger  of  using  the 
mammalian  database  as  a  validation  standard  and  the  need  to  consider  the 
metabolism  of  a  toxicant  before  making  a  conclusion  as  to  its  hazard  to  human 
populations . 

We  have  performed  only  a  single  test  to  date  on  DMN  (Table  3).  The 
results  indicate  that  our  original  predictior  is  correct  in  the  case  of 
unactivated  DMN.  The  TI  is  only  1.6  while  the  96-hr  LC50  and 
EC  50  (ma  1  f  orma  t  ion  )  is  3.5  and  2.3  mg/ral  ’•espectively .  Figure  76  shows  the 
96-hr  dose-response  curve  tor  mortality  and  malformation.  These  curves  are 
reasonably  close  together.  It  must  be  remembered  that  the  96  hr  Xenopus 
embryo  is  attaining  a  degree  of  metabolic  competence  during  the  last  stages 
of  development.  Thus,  the  two  curves  may  be  slightly  wider  as  a  result. 
Figure  77  shows  the  growth  inhibition  curve  for  DMN.  Most  of  the  growth 
inhibition  observed  occurs  after  50%  of  the  96-hr  LC50  concentration  and 
after  this  point,  the  decline  is  quite  sharp  to  70%  of  control  values.  This 
growth  inhibition  curve  is  typical  for  a  weak  teratogen  or  growth  inhibitor. 
By  the  next  quarterly  report  we  will  have  micrographs  of  the  types  of 
abnormalities  and  we  will  have  evidence  as  to  whether  MAS  causes  a 
significant  increase  in  developmental  toxicity.  If  there  is  no  significant 
increase  then  we  will  try  an  analog  (Acetoxymethyl-Methylnitrosamine)  which 
resembles  the  active  intermediate.  If  FETAX  responds  to  high  doses  of  this 
intermediate  then  we  .aust  assume  that  DMN  is  quickly  degraded  on  the  outside 
by  the  rat  liver  raicrosomes  and  that  the  metabolite  does  not  get  into  the 
embryo.  If  we  do  not  get  a  response  with  this  analog  then  we  must  assume 
that  It  either  is  not  getting  in  or  the  embryo  is  not  reacting  to  it. 
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DIMETHYLNITROSOAMINE  1 


Figure  76.  96-h  Mortality  and  Malformation  Dose-Response  Curves  for 
Diraethy  Initrosoamine  ,  Definitive  Test  #1.  The  curve  includes  only  those 
points  used  in  producing  the  dose-response  curve  although  other 
concentrations  were  tested  as  well  (See:  Appendix).  Each  point  represents  50 
embryos  for  each  concentration. 
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DIMETHYLNITROSOAMINE  1 


PERCENT  LC50 

Figure  77.  96-h  Growth  Dose -Res ponse  Curve  for  Dimethylnitrosoamine , 
Definitive  Test  #1.  The  plot  shows  the  %  of  control  versus  the  %  of  the  96-h 
LC50.  Strong  teratogens  often  cause  reduction  in  growth  at  very  low 
percentages  and  the  slope  of  the  line  is  very  steep.  A  strong  teratogen  can 
cause  embryos  to  become  only  45X  of  control  length  at  high  concentrations. 
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Sodium  Salicylate:  Sodium  Salicylate  is  listed  as  a  variable  positive 
that  should  not  undergo  any  metabolic  activation  (Table  3).  There  is  little 
evidence  presented  in  Shepard  (3A)  that  Sodium  Salicylate  causes  terata  in 
humans  but  it  does  cause  abnormal  development  in  many  animal  models.  Smith 
et  al.  (22)  list  Aspirin,  a  related  compound,  as  a  strong  animal  positive 
teratogen  but  that  there  is  no  demonstrated  teratogenicity  in  humans.  There 
is  also  some  variability  in  the  literature  on  whether  biotransformation  plays 
a  significant  role  in  ter  atogenes  is .  Smith  et  al .  (22)  indicated  that 
Aspirin  is  subjected  to  hydrolysis  and  detoxification  by  conjugation. 
Gabrielsson  and  Larsson  (51)  agree  that  it  is  the  parent  compound  (in  this 
case  Salicylic  Acid)  that  causes  the  teratogenic  action  and  not  its  three 
major  metabolites  which  do  not  cause  harm  when  administered  in  pure  form  in 
rats.  This  data  suggests  that  if  biotransformation  and  conjugation  is 
functional,  the  emb  r  y  o  t  ox  i  c  i  t  y  ,  teratogenicity  and  growth  inhibition  of 
Sodium  Salicylate  should  decrease.  However,  Juchau  (52)  has  used  Sodium 
Salicylate  in  the  vitro  rat  embryo  culture  system.  This  is  the 
closest  mammalian  test  system  to  FETAX  plus  rat  liver  microsomes  because  rat 
embryos  can  be  cultured  with  and  without  S9  supernatant  (A  source  of 
cytochrome  P-450  enzymes).  He  reports  that  the  addition  of  S9  to  the  culture 
system  made  little  difference  in  the  generation  of  teratogenicity  in 
vitro.  Because  of  this  report  we  listed  Sodium  Salicylate  as  an  expected 
negative  for  MAS  in  Table  3. 

We  found  that  the  mean  TI  for  Sodium  Salicylate  without  MAS  was  1.64  and 
the  mean  96-hr  LC50  and  EC  50 (ma 1  format  ion)  were  2.32  and  1.47  ug/ml 

respectively  (Table  3).  With  the  inclusion  of  a  MAS  to  the  basic  FETAX 

protocol  the  mean  TI  dropped  slightly  to  1.55  and  the  mean  96-hr  LC50  and 
EC  50  (ma  1  f  orma  t  ion )  were  2.25  and  1..45  ug/ml  respectively.  After  an 
examination  of  the  confidence  limits  for  these  dose-response  curves  (see: 
Data  Summary  sheets),  we  concluded  as  did  Juchau  (52)  that  the  inclusion  of  a 
metabolic  activation  system  had  little  effect  on  results.  We  were 
disappointed  in  seeing  that  the  teratogenicity  of  Sodium  Salicylate  was  very 
weak  as  the  unactivated  TI  was  only  1.64.  However,  Sabourin  and  Faulk  (14) 
listed  Aspirin  as  <1.6  and  Dumont  obtained  a  TI  value  of  1.43  for  Sodium 

Salicylate  so  we  think  that  our  value  is  correct.  Figures  yg  and  go  show  the 

do  s  e  -  re  s  pon  s  e  curves  for  the  two  tests  on  this  compound.  The  tests  for 
activated  Sodium  Salicylate  were  more  repetitive  than  for  unactivated. 
Figures  79  and  81  show  the  effect  of  Sodium  Salicylate  on  embryonic  growth. 
Once  again  the  inclusion  of  MAS  makes  little  difference  in  Figure  79  and  a 
greater  difference  in  the  higher  concentration  regions  of  Figure  81  •  The 
inability  to  cause  significant  growth  inhibition  at  concentrations  below  50% 
of  the  96-hr  LC50  is  more  suggest  of  a  weak  or  nonteratogen  than  a  strong 
teratogen.  Plate  49  shows  that  malformations  caused  by  Sodium  Salicylate  can 
be  quite  severe.  Whether  exposed  to  Sodium  Salicylate  with  MAS  or  without, 
similar  types  of  malformations  are  observed.  Blistering,  edema  and  severe 
malformations  to  all  major  body  organs  are  evident.  However,  tail  kinking  is 
minimal.  We  have  thus  far  concluded  that  Sodium  Salicylate  is  not  detoxified 
well  in  our  system  and  obviously  it  is  not  eliminate  as  it  is  in  mammals.  We 
do  a  better  job  of  repeating  the  cultured  rat  embryo  test  system  than  we  do 
the  vivo  model . 

In  summary,  our  results  so  far  using  rat  liver  microsomes  are 
encouraging.  It  should  be  possible  to  reduce  the  number  of  false  positives 
and  negatives  in  FETAX  by  employing  Aroclor  1254  induced  rat  liver  microsomes 
as  an  vitro  metabolic  activation  system.  Given  that  these  microsomes 
are  only  a  subset  of  all  the  mammalian  detoxification  systems,  there  will  be 
some  compounds  that  still  do  not  test  as  expected. 
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Figure  7R.  96-h  Mortality  and  Malformation  Dose-Response  Curves  for 
Salicyclic  Acid,  Definitive  Test  #1.  The  curve  includes  only  those  points 
used  in  producing  the  dose-response  curve  although  other  concentrations  were 
tested  as  well  (See:  Appendix).  Each  point  represents  50  embryos  for  each 
concentration. 
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Figure  79  .  96-h  Growth  Dose-Response  Curve  for  Salicyclic  Acid,  Definitive 
Test  #1.  The  plot  shows  the  %  of  control  versus  the  %  of  the  96-h  LC50. 
Strong  teratogens  often  cause  reduction  in  growth  at  very  low  percentages  and 
the  slope  of  the  line  is  very  steep.  A  strong  teratogen  can  cause  embryos  to 
become  only  45%  of  control  length  at  high  concentrations. 
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Figure  80-  96-h  Mortality  and  Malformation  Dose-Response  Curves  for 
Salicyclic  Acid,  Definitive  Test  #2.  The  curve  includes  only  those  points 
used  in  producing  the  dose-response  curve  although  other  concentrations  were 
tested  as  well  (See:  Appendix).  Each  point  represents  50  embryos  for  each 
concentration. 
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SALICYLIC  ACID  II 


Figure  81  ,  96-h  Growth  Dose-Response  Curve  for  Salicyclic  Acid,  Definitive 
Test  ,  The  plot  shows  the  %  of  control  versus  the  %  of  the  96-h  LC50. 
Strong  teratogens  often  cause  reduction  in  growth  at  very  low  percentages  and 
the  slope  of  the  line  is  very  steep.  A  strong  teratogen  can  cause  embryos  to 
become  only  45%  of  control  length  at  high  concentrations. 


Plate  49.  Effects  of  Different  Concentrations  of  Sodium  Salicylate 
on  Xenopus  Development.  Control  embryos  achieved  Stage  46  at  the 
end  of  the  96  h  exposure  period.  Side  view  presented  to  show  effect 
on  brain,  eye  and  spinal  cdrd.  From  top  to  bottom:  control,  2  ug/ml 
unactivated,  2  ug/ml  activated. 
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The  developmental  toxicities  of  sodium  acetate  (SA) , 
caffeine  (CAF) ,  and  5-f luorouracil  (FLU)  were  determined  by 
examining  malformation,  mortality,  and  growth  of  exposed  frog 
fXenopus  laeyis)  and  fathead  minnow  fPimeohales  promelas^ 
embryos.  The  tests  were  performed  using  a  modified  protocol  of 
the  Frog  Embryo  Teratogenesis  Assay — Xenopus  (FETAX) .  This 
protocol  allowed  for  the  same  temperature  and  exposure  time  for 
both  species  (120  hrs  or  5  days)  and  for  similar  embryological 
events  to  occur  during  exposure. 

The  fathead  minnow  fPimephales  promelas^  has  been 
established  in  many  laboratories  as  an  assay  fish  for  determining 
the  toxicity  of  complex  environmental  mixtures  and  pure  compounds 
(Brungs,  1969;  Devlin  et  al.,  1985;  Holcombe  et  al.,  1982;  McKim, 
1977;  Pickering  and  Cast,  1972).  When  combined,  the  use  of  fish 
and  amphibian  embryos  together  as  test  organisms  are  useful  for 
evaluating  the  developmental  toxicity  of  chemicals  and 
environmental  mixtures  (Birge  et  al.,1983;  Birge  et  al.,  1985; 
Dawson  et  al.,  1988). 

Because  of  the  number  of  tests  performed  with  aquatic 
organisms,  an  interspecies  comparison  study  is  necessary  to 
further  investigate  the  effects  that  toxicants  have  on  different 
species.  It  is  impossible  to  compare  sensitivities  when  the  test 
organisms  have  been  exposed  during  different  embryological 
stages.  Differing  exposure  periods  (time)  can  strongly  influence 
bioassay  results  as  the  assumption  that  internal  toxicant  levels 
are  equal  to  the  toxicant-water  concentration  is  only  true  when 
steady-state  is  reached  (McCarty,  et  al.  1985;  McCarty,  1986; 
Veith  et  al.  1979) . 

In  this  investigation  a  modified  FETAX  protocol  was  followed 
in  order  to  determine  the  relative  developmental  toxicities  of 
sodium  acetate,  caffeine,  and  5-f luorouracil  to  frog  fXenopus 
laeyis)  and  fathead  minnow  fPimeohales  promelas)  embryos. 

Previous  studies  with  zinc  employing  a  4  day  exposure  for  Xenopus 
and  6  day  exposure  for  Pimephales  found  that  Pimephales  were  more 
sensitive  than  Xenopus  (Dawson,  et  al.  1985) .  Birge  et  al. 
(1979;1983)  have  attempted  to  make  amphibian  and  fish  species 
comparisons  on  development  and  exposure  but  have  used  differing 
exposure  periods  (time  to  hatching  plus  four  days) . 

The  purpose  of  this  study  and  the  choice  of  the  two  species 
involved  is  to  derive  comparable  data  and  to  determine  if  species 
differences  can  be  attributed  to  relative  uptake  of  toxicant. 
Endpoints  measured  include  growth,  malformation,  and  mortality. 

A  Teratogenic  Index  [TI=120-hr  LC50/l20-hr  EC50  (malformation) ] 
was  calculated  for  each  test.  A  species  can  be  more  sensitive  by 
showing  affects  at  lower  concentrations,  or  it  can  also  show  a 
greater  TI  and  thus  be  more  sensitive  to  developmental  toxicants. 
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MATERIALS  AND  METHODS 


Chemicals 

Pure  chemicals  tested  included  sodium  acetate  (SA)  a 
nonteratogen,  caffeine  (CAF)  a  moderate  teratogen  and  5- 
fluorouracil  (FLU)  a  strong  teratogen.  These  were  chosen  based 
on  their  developmental  toxicity,  availability,  and  known 
mammalian  data  (Smith  et  al.,  1983).  Chemicals  were  obtained  for 
initial  testing  from  Sigma  Chemical  Co. 

Test  Organisms 

Animal  culture  and  breeding  procedures  for  Xenopus  were  as 
described  previously  (Dawson  and  Bantle,  1987) .  Frog  eggs  were 
sorted  for  normally  developing  fine-cell  blastulae  to  early 
gastrula  stage  eggs  (Nieuwkoop,  1975) .  Fathead  minnow  eggs  were 
obtained  the  day  of  the  test  from  the  Water  Quality  Research 
Laboratory,  Oklahoma  State  University,  and  from  Stover  and 
Associates,  Biometrics  Laboratory,  Stillwater,  Oklahoma.  Fish 
eggs  were  separated  and  chosen  for  fine-cell  blastula  to  early 
gastrula  stages  (Devlin,  1982) . 

Initial  Concentration-Response  Studies 

Dilutions  of  the  test  material  were  made  with  modified  FETAX 
solution  (MFS)  which  has  been  shown  to  allow  normal  development 
of  both  frog  and  fathead  minnow  embryos  (Dawson,  1988) .  MFS  is  a 
reconstituted  water  medium  containing  400  mg  Nad,  96  mg  NaHCOj, 
30  mg  KCl,  14  mg  CaCl2,  60  mg  CaSO4»2H20,  and  75  mg  MgSO^  per 
liter  of  deionized  distilled  water. 

At  least  one  range  test  and  two  definitive  tests  were 
conducted  for  each  compound.  For  the  range  tests  at  each 
dilution  20  frog  embryos  and  10  or  15  fish  embryos  were  exposed. 
For  the  definitive  tests  at  each  dilution  20  frog  embryos  and  15 
or  20  fish  embryos  were  exposed.  Tests  were  composed  of  four 
dishes  of  controls  and  two  dishes  of  each  concentration  with  8  ml 
total  solution. 

Static  renewal  tests  were  conducted  for  5  days  (120  hrs)  at 
24 “Ci  2  for  both  species.  Test  organisms  were  incubated  with  a 
photoperiod  of  16  hr  light  and  8  hr  darkness.  A  slight 
variability  in  temperature  was  due  to  lighting  which  was 
necessary  to  allow  for  maximum  fish  hatching.  During  the  tests 
pH  was  measured  daily  and  dead  organisms  were  counted  and 
removed . 

At  termination  of  the  test  surviving  organisms  were 
anesthetized  with  3-aminobenzoic  acid  ethyl  ester 
(methanesulfonate  salt)  and  fixed  with  3.0%  (w/v)  formalin.  The 
number  and  type  of  gross  terata  occurring  were  determined  with  a 
dissecting  microscope.  Head-to-tail  length  of  surviving  Xenopus 
and  hatched  fish  was  collected  using  an  IBM-compatible  computer 
equipped  with  digitizing  software  (Jandel  Scientific,  Corte 
Madera,  CA) . 

The  concentration  inducing  malformation  in  50%  of  surviving 
embryos  (120hr-EC50)  and  the  120hr-LC50  were  determined  using 
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Litchfield-Wilcoxin  probit  analysis  (Tallarida  <ind  Murray,  1980) . 
In  addition,  the  96hr-LC50  was  determined  for  eeich  test  to  see  if 
significant  death  occurred  between  day  4  and  day  5.  The  t-test 
for  grouped  observations  was  used  to  determine  the  Minimum 
Concentration  to  Inhibit  Growth  (MCIG)  in  each  test  (p  =  0.05). 

In  this  investigation  the  frog  control  mortality  and 
malformation  rates  were  50  of  560  (8.9%)  and  16  of  the  510 
survivors  (3.1%),  respectively.  For  fish  the  control  mortality 
and  malformation  rates  were  18  of  460  (3.9%)  and  14  of  the  442 
survivors  (3.2%),  respectively.  Acceptable  rates  of  control 
mortality  and  malformation  in  FETAX  are  generally  <  10%. 

RESULTS 


1.  Sodium  acetate 

Sodium  acetate  did  not  demonstrate  teratogenicity  to  either 
Xenopus  or  Pimeohales.  Xenopus  mortality  and  malformation  were 
affected  at  concentrations  lower  than  for  fish.  Similar 
malformations  were  observed  for  both. (Plates  50-52) 

The  120-hr  EC50  (malformation)  for  Xenopus  embryos  exposed 
to  SA  was  3.3  mg/ml.  Variable  results  were  seen  between  3. 0-5.0 
mg/ml  because  of  tank  effects.  The  120-hr  LC50  was  4.3  mg/ml. 

The  resulting  TI  was  1.3  and  the  MCIG  was  3.5  mg/ml.  The  most 
common  malformations  induced  by  SA  in  frog  embrycs  was  failure  of 
the  gut  to  coil  along  with  optic  and  facial  malformations,  and 
edema.  These  malformations  were  evident  at  concentrations  >  2.0 
mg/ml.  At  concentrations  >  3.5  mg/ml  spinal  kinking  and 
stunting  was  common.  At  concentrations  >  4.5  mg/ml,  severe 
kinking,  optic  and  facial  malformations  and  edema  occurred. 

The  120-hr  EC50  (malformation)  for  fathead  minnow  embryos 
exposed  to  SA  ranged  from  13.3-13.5  mg/ml.  The  120-hr  LC50 
ranged  from  9.0  to  9.2  mg/ml.  The  resulting  TI  was  1.5.  The 
MCIG  ranged  from  7.0  to  8.0  mg/ml.  The  most  common  malformation 
induced  by  SA  in  fish  was  spinal  kinking  and  stunting.  At 
concentrations  >  7  mg/ml  spinal  kinking  and  stunting  was  common 
along  with  heart  edema  and  facial  malformations.  At 
concentrations  >  13  mg/ml  severe  kinking,  optic  and  facial 
malformations  and  edema  occurred. 

2 .  Caffeine 

Caffeine  was  only  slightly  teratogenic  to  Xenopus  but  was 
strongly  teratogenic  to  fish.  Pimeohales  were  malformed  at 
concentrations  lower  than  that  required  to  effect  Xenopus .  Fish 
also  survived  to  concentrations  higher  than  Xenopus  could 
tolerate — thus  making  the  TI  for  fish  greater.  Both  organisms 
demonstrated  similar  trends  in  malformation,  though  fish 
exhibited  more  severe  anomalies  as  in  complete  curling  of  the 
tail. (Plates  53-55) 

The  120-hr  EC50  (malformation)  for  Xenopus  embryos  exposed 
to  CAF  ranged  from  0.12  to  0.13  mg/ml.  The  120-hr  LC50  ranged 
from  0.18  to  0.22  mg/ml.  The  resulting  TI  was  1.5-1. 7  and  the 
MCIG  ranged  from  0.05  to  0.10  mg/ml.  The  most  common 
malformations  induced  by  CAF  in  frog  embryos  was  spinal  kinking 
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at  concentrations  >  0.03  mg/ml.  At  concentrations  >  0.14  itig/ml, 
facial  malformations,  and  improper  gut  coiling  were  common.  At 
concentrations  >  0.16  mg/ml  moderately  severe  spinal  kinking, 
stunting,  and  edema  were  observed. 

The  120-hr  EC50  (malformation)  for  fathead  minnow  embryos 
exposed  to  CAF  ranged  from  0.04  to  0.10  mg/ml.  The  120-hr  LC50 
ranged  from  0.51  to  0.76  mg/ml.  The  resulting  TI  was  7.6-12.8 
and  the  MCIG  was  <  0.02  mg/ml.  The  most  common  malformations 
induced  by  CAF  in  fish  were  spinal  kinking  and  stunting  at 
concentrations  >  0.02  mg/ml  along  with  occasional  facial  and  eye 
malformations.  At  concentrations  >  0.10  mg/ml  moderate  spinal 
kinking,  heart  defects,  and  edema  were  noted.  At  concentrations 
>  0.2  mg/ml  severe  curling  of  the  tail  and  growth  stunting 
occurred. 


3 .  5-Fluorouracil 

5-Fluorouracil  was  strongly  teratogenic  to  both  Xenopus  and 
Pimephales.  Xenopus  were  affected  at  lower  concentrations  as 
with  SA.  Both  demonstrated  similar  malformations  and  resulted  in 
especially  severe  and  stunted  embryos  at  high  concentrations. 

The  120-hr  EC50  (malformation)  for  Xenopus  embryos  exposed 
to  FLU  ranged  from  0.06  to  1.00  mg/ml.  The  120-hr  LC50  ranged 
from  0.55  to  0.62  mg/ml.  The  resulting  TI  was  5.4-11.3  and  the 
MCIG  ranged  from  <  0.05  to  0.25  mg/ml.  Multiple  malformations 
consisting  of  gut,  facial,  eye,  brain,  heart  and  spinal 
malformations  were  common  in  concentrations  >  0.02  mg/ml.  At 
concentrations  ranging  from  o.l  to  0.3  mg/ml  similar  multiple 
malformations  occurred  in  greater  severity  along  with  stunting, 
edema  and  blistering.  At  concentrations  >  0.5  mg/ml  embryos  were 
so  severely  stunted  that  vitality  was  difficult  to  determine. 

The  120-hr  EC50  (malformation)  for  fathead  minnow  embryos 
exposed  to  FLU  ranged  from  0.15  to  0.77  mg/ml.  The  120-hr  LC50 
ranged  from  1.33  to  4.67  mg/ml.  The  resulting  TI  was  6. 1-8. 9  and 
the  MCIG  ranged  from  0.08  to  0.10  mg/ml.  The  most  common 
malformations  induced  by  FLU  in  fish  were  spinal  kinking,  reduced 
eye  size,  and  head  malformations  at  concentrations  >  0.1  mg/ml. 

At  concentrations  >  0.3  the  severity  of  brain,  eye,  blsitering, 
and  spinal  kinking  increased.  At  concentrations  greater  than  0.5 
mg/ml  embryos  were  very  stunted  with  heart  malformations.  (Plates 
56-58) 

These  tests  suggest  that  Xenopus  laevis  and  fathead  minnows 
respond  with  similar  malformations  when  exposed  to  sodium  acetate 
and  5-f luorouracil.  Xenopus  is  affected  at  lower  concentrations 
by  SA  and  FLU.  Caffeine  was  more  teratogenic  to  fathead  minnows 
and  resulted  in  more  severe  malformations  than  Xenopus .  Fish 
were  malformed  at  lower  concentrations  but  survived  to  higher 
concentrations  than  Xenopus  when  exposed  to  CAF.  Further  tests 
are  planned  using  ^^C  labeled  material  and  liquid  scintillation 
counting  of  whole  fish  and  frog  residue  in  order  to  related 
uptake  to  amount  of  mortality  and  malformation  observed. 


5— Fluorouracil 

Growth  Curve  120  hr.  exposure 
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Plate  50 .  The  Effects  of  Different  Concentrations  of  Sodium  Acetate  on 
Xenopus  laevis.  Embryos  were  exposed  for  120-h.  A  side  is  view  presented  to 
show  that  only  minor  riiaiformanons  occur.  From  top  to  bottom:  Control.  3 
mg/ ml.  4  mg; mi  ana  5  mg/ ml. 


Plate  51 .  Effects  of  Different  Concentrations  of  Sodium  Acetate  on 
Pimepnales  promeias  Development.  Fry  were  exposed  for  a  length  of  120-h. 
This  side  view  presents  the  most  common  malformations  seen  in  the  fish,  spinai 
kinking  and  stunting.  From  top  to  bottom:  Control.  8.0  mg/ml.  11  mg/ml  and 
15  mg/mi. 


Plate  52  .The  Comparative  Effects  of  Different  Concentrations  of 
Sodium  Acetate  on  Xenopus  laevis  and  Pimephales  promeias.  Larve  were 
exposed  to  SA  for  120-h.  A  side  is  view  presented  to  show  relative  similarity  m 
the  malformations.  From  top  to  bottom:  Xenopus  control  and  high 
concentration.  Pimephales  control  and  high  concentration  . 
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Plate  53.  The  Effects  of  Differem  Concent 
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Plate  54.  Effects  of  Differera  Concemrationsoi^Can^  This  side 

of  C^F  on  ,he=  tfsn.  From  top  to  oottom: 

romroi.  0.05.  0.30  and  0.70  mg  mi. 


Plate  55  .The  Comparative  Effects  of  Different  Concentrations  of 
Caffeine  on  Xenopus  laevis  and  Pimephaies  promelas.  Larve  were  exposed  to 
CAP  for  i20-li.  A  side  is  view  presented  to  show  differeces  in  teratoaenic 
intensity  in  the  malformations.  From  top  to  bottom:  Xenopus  control’ and  high 
concentrat'on.  Pimephaies  control  and  high  concentration  . 


Plate  56 .  The  Effects  of  Different  Concentrations  of  5-Fluorouracil  on 
Xcnonus  laevis.  Embryos  were  exposed  for  120-h.  A  side  is  view  presented  to 
show  mat  high  degrees  of  malformations  occur  with  FLU.  From  top  to  bottom: 
Control.  0.10  mg/ml.  0.25  mg/ml  and  0.50  mg/ml. 


Plate  57 .  Effects  of  Different  Concentrations  of  5-Fluorouracii  on 
Pimephaies  promdas  Development.  Fry  were  exposed  for  a  length  of  120-h. 
This  side  view  presents  the  most  common  malformations  seen,  spinal  kinking 
reduced  eye  size  and  head  malformation.  From  top  to  bottom:  Control.  0.10 
mg/ml,  1.0  mg/ml  ana  2.0  mg/mi. 


Plate  58 .  The  Comparative  Effects  of  Different  Concentrations  of  5- 
Fluoroiiracii  on  Xenopiis  laevis  and  Pimephales  promelas.  Larve  were  exposed 
to  FLU  for  120-h.  A  side  is  view  presented  to  show  similarity  in  tne  degree  of 
malformations.  From  top  to  bottom:  Xenopus  control  and  high  concentration. 
Pimephales  control  ana  high  concentration  . 
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required  mortality,  malformation  and  growth-inhibition  data 
described.  Special  needs  or  circumstances  might  requ 
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uipment.  This  standard  does  not  purport  to  XI.  List  oC  Alternative 
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abnormal  morphogenesis  (malformation ) .  The  Teratogenic  Index  or 
TI  is  a  measure  of  developmental  hazard  (1).  TI  values  higher 


Siimcnary  of  StaniJard 


5.4  PETAX  results  ■il9bc  be  useful  for  studying  structure- 
activity  relationships  between  test  suiterials  and  for  studying 
bioavailability . 
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intensity  meter  and  flow  controls,  or  passed  through  a  filter 

.  ,  TAni.R  1.  Recommended  Maximum  Concentrations 

With  a  pore  size  of  0.45  pm  or  less.  of  Some  Metals. 


effect  of  long-term  exposure  of  adults  on  reproductive  success, 
they,  nonetheless,  serve  as  a  guide  for  limiting  adult  exposure 
to  these  metals.  The  maximum  quantity  of  the  other  contaminants 
listed  in  8.4.1  should  meet  EPA  freshwater  chronic  water  quality 


FCTAX  Solution  Water 


should  be  shielded  from  light 


to  cause  any  adverse  effects  In  FETAX  \i5).  At  tiises 


FETAX- so  I  ut  i  on  control  and  a  solvent  control,  the  mortality 


have  dark  arm  pads  on  the  underside  ot  each  foreans  and  lack 
cloacal  lips.  Females  should  be  10  to  12.5  cm  in  length  and  at 
least  three  years  old.  Females  are  always  larger  than  males  and 
easily  identified  by  the  presence  of  fleshy  cloacal  lips. 


Diet  The  minimum  recommended  diet  for  adults  The  hormone  concentration  should  be  1000  lu  per  ml  In  sterile 


(available  from  John  A.  Bantle,  Dept,  of  zoology,  430  I£H, 

12.  Procedure 

Oklahoma  State  University,  Stillwater,  OK,  74078)  should  be  12.1  Description-  PBTAX  Is  a  96-hr  renewal  whole  embryo 
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12.3  Beginning  the  Test-  viability  of  early  eaibryos,  the  test  will  be  unacceptable  for 

12.3.1  Range-finding-  A  range -f  i  ndi  ng  test  is  that  particular  clutch.  Each  individual  test  will  yield  data 


larvested  separately.  Embryos  should  be  sorted  to  assure  Commercial  sources  for  the  6-aminonicotlnamide  ICAS  •329-t9-$l| 

liability  prior  to  testing.  Each  test  uses  early  embryos  formula  weight,  137.14)  should  specify  the  physicochemical  data 

lerived  from  a  single  mating  pair*  if  the  controls  from  a  and  the  purity  for  the  compound  which  assure  its  being 

^articular  mating  pair  indicate  a  problem  with  fertility  or  comparable  to  that  readily  available  to  other  labor<>torles 


CAitlBit  1.  fttUMSHKEt  or  HALrOMUTlOHS  At  91  >1 
.  ,  .  ,  .  Dlrectloaat  flaec  a  check  ta  each  hoi  (or  each  type  of  aatfon 

nal  format  Iona  In  each  category  should  be  rtiported  In  standard  teaoltaat  acoreaheet  reada  like  a  hlatOArao. 

.  IHWESTICAtOR  COHrOUNO 

format  for  ease  of  interlaboratory  comparison  (Exhibit  1).  ^  - -j - ^COHCEKTRAlioS - 


Ailal  aalforoattona 


othttc  than  Nieuwkoop  and  Faber  (Id) 


The  mortality  and  malformation  results  obtained  References- 


and  Stuckey,  H.M.,  ‘Ultraviolet  Treatment  Maters  to  Freshwater  Organisas",  1915,  <BPA/S0O/4-t9/OOl 
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Preface 


The  increasing  costs  of  performing  mammalian- 
based  developmental  toxicity  tests,  as  well  as  the  desire  to 
reduce  the  number  of  laboratory  mammals  utilized  in  these 
tests,  has  stimulated  the  development  and  validation  of 
short-term  non-mammalian  screening  tests  to  assess  the 
developmental  toxicity  potential  of  a  wide  variety  of  pure- 
chemicals  and  complex  mixtures.  We  believe  that  the  Frog 
Embryo  Teratogenesis  Assay-Xenopus  (FETAX)  will 
provide  a  rapid,  low  cost  alternative  to  the  mammalian  tests 
currently  in  use.  FETAX  was  first  developed  by  Dr.  James 
Dumont  and  his  co-workers  at  Oak  Ridge  National 
Laboratory  in  1 983.  The  assay  originally  was  developed  to 
assess  the  potential  developmental  toxicity  of  complex 
mixtures  derived  from  the  synthetic  fuels  program.  The 
assay  is  based  on  a  large  body  of  information  generated  by 
a  number  of  researchers  in  studies  on  normal  embryonic 
development  in  which  the  developing  Xenopus  embryo  was 
used  as  the  model  system. 

The  assay,  as  it  is  currently  performed,  is  useful  in 
screening  for  the  potential  developmental  toxicity  of  both 
single  chemicals,  such  as  pharmaceuticals  or  commodity 
chemicals,  and  complex  chemical  mixtures,  such  as 
environmental  samples.  Research  is  in  progress  to  identify 
suitable  carrier  solvents  for  non-water-soluble  test  samples, 
to  develop  an  exogenous  metabolizing  system  utilizing  liver 
microsomes  to  allow  preteratogens  to  be  tested  in  the 
assay,  and  to  develop  methods  so  the  assay  can  be 
utilized  under  field  conditions  for  testing  environmental 
samples. 


This  atlas  is  intended  as  a  companion  to  the 
American  Society  for  Testing  and  Materials  (ASTM) 
standard  guide  for  conducting  the  FETAX  assay.  The 
information  and  illustrations  contained  in  this  atlas  provide 
a  basis  for  the  initial  establishment  of  the  assay  in  a 
laboratory,  as  well  as  a  guide  in  the  identification  and 
interpretation  of  developmental  abnormalities  observed  in 
embryos  during  the  performance  of  the  assay. 

Preparation  of  this  atlas  has  been  supported  by  the 
U.S.  Army  Medical  Research  and  Development  Command 
under  Contract  DAMD1 7-88-C-8031 .  The  views,  opinions, 
and/or  findings  contained  in  this  document  are  those  of  the 
authors  and  should  not  be  construed  as  official  Department 
of  the  Army  position,  policy,  or  decision,  unless  so 
designated  by  other  official  documentation. 

Research  was  conducted  in  compliance  with  the 
Animal  Welfare  Act,  and  other  Federal  Statutes  and 
regulations  relating  to  animals  and  experiments  involving 
animals  and  adheres  to  principles  stated  in  the  Guide  for 
the  Care  and  Use  of  Laboratory  Animals.  NIH  Publication 
86-23, 1985  edition.  Citations  of  commercial  organiz¬ 
ations  or  trade  names  in  this  atlas  do  not  constitute  an 
official  Department  of  the  Army  endorsement  or  approval  of 
the  products  or  services  of  these  organizations. 

John  A.  Bantle,  Ph.D. 

James  N.  Dumont,  Ph.D. 

Robert  A.  Finch,  Ph.D.,  D.A.B.T. 

Gregory  Linder,  Ph.D. 
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Chapter  1 

Adults  and  Adult  Care 


This  chapter  covers  sex  determination,  human 
chorionic  gonadotropin  (HCG)  injection,  and  amplexus. 
Only  a  limited  discussion  of  diseases  will  be  provided 
because  the  frogs  are  normally  quite  hardy.  Additional 
details  of  adult  care  are  contained  in  the  ASTM  standard 
guide  for  FETAX. 

FETAX  uses  Xenopus  laevis  embryos;  other  species 
of  Xenopus  should  not  be  used.  Healthy  animals  can 
provide  embryos  for  several  years.  Females  are 


significantly  larger  than  the  males  and  those  with  a  nose 
to  rump  length  of  9  to  14  cm  should  be  used.  Males 
should  be  6  cm  or  greater  in  length.  Males  and  females 
should  be  rested  60  to  90  days  between  matings.  Fewer 
eggs  r.  e  produced  if  matings  occur  at  less  than  60  day 
intervals  and  a  higher  percentage  of  bad  eggs  are 
produced  if  intervals  between  matings  extend  beyond  a 
90-day  period. 


CLOACA 


Figure  1-1.  Normal  Adult  Female. 

Although  females  are  larger  than  males,  size  should 
not  be  used  to  determine  sex.  Females  are  easily 
identified  by  their  fleshy  cloacal  lips  which  increase  in  size 
following  HCG  injection.  Gravid  females  that  have  not 
been  recently  bred  often  show  bulging  flanks  as  the 
ovaries  expand.  This  particular  animal  is  not  ready  for 
breeding  (see  Figure  1-9  for  comparison).  Coloration  will 
also  vary  considerably  since  skin  color  changes  with 
surroundings  (photo  by  Hull). 


Figure  1-2.  Normal  Adult  Male. 

Males  lack  fleshy  cloacal  lips  but  possess  dark 
forearm  pads  (nuptial  pads)  on  the  ventral  surface  of  the 
hand  and  forearm  which  darken  even  further  after  HCG 
injection  (see  Figure  1-7).  The  pale  marks  on  the  back  of 
this  male  are  the  result  of  liquid  nitrogen  branding  for 
identification  purposes.  It  is  not  necessary  to  brand  frogs 
unless  a  large  colony  is  to  be  maintained.  With  branding, 
frogs  can  be  kept  in  community  tanks  while  individual  data 
are  maintained  regarding  breeding  success  and  date  of 
mating.  To  brand  a  frog,  place  the  animal  in  water 
containing  1.5  g/L  of  MS-222  (3-aminobenzoic  acid  ethyl 
ester,  methanesulfonate  salt;  Sigma  Catalog  #  A  5040) 
until  anesthetized.  Remove  the  frog  and  place  it  on  a  wet 
paper  towel.  Dip  a  1/8"  diameter  wire  into  liquid  nitrogen 
for  20  seconds,  apply  it  to  the  back  skin  for  6-8  seconds, 
and  wait  24  hours  for  the  brand  to  appear.  Sixty  days 
should  elapse  before  mating  is  attempted  in  order  to 
obtain  complete  recovery.  Branding  marks  last  at  least 
one  year.  One  alternative  to  branding  is  toe  clipping. 
Various  schemes  can  be  devised  to  identify  toe  clipped 
animals  (See:  Roberts  Rugh  "Experimental  Embryology- 
Techniques  and  Procedures,"  Burgess  Publishing  Co, 
Minneapolis,  page  462,  1968).  However,  clipped  toes 
regenerate  and  the  procedure  must  be  repeated  every  six 
months.  Identification  schemes  employing  color  coded 
beads  affixed  to  the  skin  via  stainless  steel  wire  have  been 
devised  but  we  have  experienced  trouble  with  wire  loops 
ripping  loose.  Although  initially  traumatic,  branding  seems 
to  be  the  current  method  of  choice  (photo  by  Hull). 


Figure  1-3.  Aeromonas  Infection. 

Aeromonas  hydrophila  or  "red-leg"  is  a  bacterial 
infection  that  causes  red  blotches  on  both  the  abdomen 
and  the  ventral  surfaces  of  the  legs.  Infected  frogs  must 
be  immediately  separated  from  the  rest  of  the  colony  and 
intubated  with  Tetracycline  (Nace,  G.,  "Amphibians: 
Guidelines  for  the  Breeding,  Care  and  Maintenance  of 
Laboratory  Animals",  National  Academy  of  Sciences,  ISBN 
0-309-0221 0-X,  1974).  Dissolve  Tetracycline-HCI  in  tap 
water  to  a  concentration  of  25  mg/ml  so  that  the  intubation 
volume  can  be  kept  at  about  0.2  ml.  Dose  the  frog  twice  a 
day  with  5  mg  Tetracycline-HCI  per  30  g  body  weight  for 
one  week.  A  small  ball-tipped  polyethylene  stomach  tube 
connected  to  a  one  cubic  centimeter  tuberculin  syringe  is 
used  to  administer  the  antibiotic.  Severely  infected 
animals,  such  as  the  one  shown  in  Figure  1-3,  should  be 
destroyed  (photo  by  Hull). 


Figure  1-4.  Nematode  Infection  in  Adults. 

By  far  the  most  common  infection  is  that  caused  by 
nematodes.  At  the  onset  of  infection  the  skin  is  rough  to 
the  touch  and  the  frog  does  not  feed  actively.  In  more 
advanced  stages,  the  skin  turns  white  and  lesions  form. 
The  frog  shown  in  Figure  1-4  has  begun  to  develop 
lesions  on  the  back.  Finally,  the  skin  will  slough  off  and 
the  frog  will  waste  away.  To  confirm  nematode  infection 
scrape  a  lesion  with  a  single  edged  razor  blade,  deposit 
the  scraping  on  a  microscope  slide  and  add  a  drop  of 
water  and  a  coverslip.  Observe  under  100X  using  a 
compound  microscope  (see  Figure  1-5)(photo  by  Hull). 


Figure  1-5.  Nematode  Present  Among  Skin  Epitheliai 
Celis. 


Nematodes  (arrow)  are  easily  seen  among  the 
masses  of  epithelial  cells.  Once  a  member  of  the  colony 
becomes  infected,  nematodes  are  likely  to  be  found  on  all 
frogs  in  the  colony.  The  best  preventive  measure  is  to 
treat  the  frogs  as  tiiey  arrive  and  to  keep  the  colony  as 
free  as  possible  from  infestation.  For  treatment,  prepare 
a  4  gm/30  ml  tap  water  stock  solution  of  Thiabendazole 
(TBZ)  which  can  be  purchased  from  most  agricultural 
stores  and  Sigma  (Catalog  #  T  8904).  TBZ  is  a  treatment 
for  nematodes  in  cattle.  Add  1 .5  ml  TBZ  solution  to  2 
liters  of  adult  rearing  water  (dechlorinated  or  well  water). 
Pour  this  solution  into  a  large  beaker  containing  two  to 
three  frogs.  Treat  overnight  and  repeat  the  treatment  two 
weeks  later.  Do  not  mix  treated  and  untreated  frogs 
(photo  by  Fort). 


Figure  1-6.  Trematode  with  a  Stage  11  Xenopus 
embryo. 

Monogenetic  trematodes  can  infect  the  bladders  of 
adult  frogs.  During  egg  laying,  they  are  deposited  with 
the  eggs  and  frequently  attach  themselves  to  the  egg 
surface.  The  infected  frog  often  shows  dark  blotches  on 
the  skin.  The  tretiiatode  on  the  left  is  shown  next  to  a 
typical  1 .5  mm  diameter  gastrula.  In  order  to  treat  adult 
frogs  for  trematode  infection,  place  the  frogs  in  a  large 
bucket  containing  5  ml/10  gallon  dechlorinated  water  of 
Mintezol  (Merck,  Sharp  and  Dohme)  for  5  hours.  Repeat 
this  treatment  in  two  weeks  (photo  by  DeYoung). 
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Figure  1-7.  Male  Forearm  Pad. 


This  is  a  typical  male  forearm  pad  24  hours  after 
injection  with  400  I.U.  HCG.  The  pads  assist  in  clasping 
the  female  during  amplexus  (see  Figure  1-9)  (photo  by 
Hull). 


Figure  1-8.  Method  of  Injecting  Human  Chorionic 
Gonadotropin  (HCG). 

It  is  easy  to  inject  Xenopus  if  the  animals  are 
carefully  immobilized.  This  is  accomplished  by  lightly 
restraining  the  adult  in  an  ordinary  aquarium  net.  Use  a 
tuberculin  syringe  with  a  1/2"  long,  26  gauge  needle  to 
inject  the  HCG  into  the  dorsal  lymph  sac.  The  lymph  sac 
is  bounded  by  the  lateral  line  which  runs  along  the  side  of 
the  frog  and  appears  as  "stitching"  on  the  skin.  The 
dorsal  lymph  sac  is  surrounded  by  a  dashed  white  line  in 
Figure  1-2.  Injections  should  be  inside  (centrad)  the 
lateral  line.  Note  that  one  fourth  of  the  needle  tip  enters 
the  skin  at  a  shallow  (10-15  degree)  angle.  When 
injecting  the  frog,  wrinkle  the  skin  so  that  the  injection  can 
be  administered  subcutaneously.  Be  sure  the  needle  tip 
penetrates  into  the  lymph  sac  and  not  just  into  the  skin.  If 
only  the  skin  is  penetrated,  a  blister  of  fluid  usually 
appears  as  the  injection  takes  place.  However,  the  lymph 
sac  fills  with  a  triangular  shape  if  the  injection  is  done 
properly.  Keep  the  point  of  the  needle  well  away  from  the 
spinal  cord  (drawing  by  DeYoung). 


Figure  1-9.  Amplexus  in  the  Mating  Tank. 


A  male  and  female  frog  are  shown  here  in 
amplexus.  A  ten  gallon  glass  aquarium  has  been  used  as 
a  mating  chamber.  A  plastic  screen  made  from  a 
fluorescent  light  diffuser  grate  (available  from  most 
hardware  stores)  has  been  used  as  a  grate  to  support  the 
adults.  Mating  is  carried  out  in  the  dark  at  a  temperature 
of  23  "C.  FETAX  solution  (ASTM  Standard  Guide)  is 
used  as  the  medium  and  there  should  be  2.5  inches  of 


solution  above  the  grate  in  the  mating  chamber.  The 
eggs  fall  to  the  bottom  where  they  can  be  scraped  into 
plastic  Petri  dishes.  Another  useful  grate  material  is  a  1 
cm  plastic  mesh  (Catalog  #  XV  0350)  manufactured  by 
InterNet  Inc.  [2730  Nevada  Ave.  North,  Minneapolis,  MN 
55427;  phone  (612)  541-9690].  However,  this  must  be 
purchased  in  large  quantities.  Heavy  duty  aluminum  foil 
is  used  as  a  top  and  a  bubbler  is  used  for  aeration.  If  a 
tank  with  shorter  sides  is  used,  a  weighted  lid  may  be 
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Chapter  2 

Staging  and  Egg  Selection 


The  normal  tables  of  Xenopus  development  by 
Nieuwkoop  and  Faber  (Nieuwrkoop,  A.P.  and  Faber,  J., 
Normal  Tables  of  Xenopus  laevis  (Daudin).  2nd  Ed.,  North 
Holland,  Amsterdam,  1975.)  are  used  in  staging  embryos 
for  FETAX.  However,  they  do  not  cover  abnormal 
development  and  it  is  important  to  choose  only  normally 
developing  embryos.  The  use  of  abnormal  or  over-ripe 
eggs  would  lead  to  unacceptably  high  mortality  and 
malformation  in  controls.  The  Nieuwkoop  and  Faber 
(1975)  staging  guide  is  now  out  of  print  so  this  chapter 
contains  enough  normal  staging  information  so  that 
FETAX  can  be  properly  conducted.  In  order  to  select  only 
normally  cleaving  embryos,  a  double  selection  process  is 
used.  Cleaving  embryos  should  be  scooped  up  In  a  small 
polystyrene  Petri  dish  and  placed  in  a  1 25  ml  Erlenmeyer 
flask.  The  embryos  are  dejellied  in  2%  w/v  cysteine- 


FETAX  solution  for  2-3  minutes  with  swirling  (see  Figure 
2-2).  After  the  jelly  is  removed,  the  embryos  are  placed  in 
large  polystyrene  Petri  dishes.  Do  not  keep  them  at  high 
concentrations  of  cysteine  or  the  degradation  of  overripe 
unfertilized  eggs  will  affect  the  survival  of  othenivise 
normal  embryos.  In  sorting  the  embryos,  quickly  remove 
poorly  pigmented  and  enlarged  eggs  first.  Then,  carefully 
select  only  normally  cleaving  embryos  and  place  them  into 
separate  dishes  containing  FETAX  solution.  Transfer  the 
eggs  with  a  glass  Pasteur  pipet  that  has  had  the  tip 
broken  off  and  the  end  fire-polished.  Repeat  the  selection 
process  a  second  time  and  choose  only  the  best  embryos. 
Control  mortality  and  malformation  can  be  kept  to  less 
than  5%  when  proficiency  in  selection  has  been 
developed. 


Figure  2>1.  A  Typical  Blastula. 

This  figure  shows  a  dorsal  view  of  a  typical  Xenopus 
Stage  8  blastula  as  it  might  be  collected  from  the  bottom 
of  the  breeding  aquarium.  The  jelly  coat  has  not  been 
removed.  It  is  quite  sticky  and  attempts  to  manipulate  the 
embryo  with  a  spatula  will  prove  time  consuming  (photo  by 
Hull). 


Figure  2-2.  Decanting  the  2%  Cysteine  after  the 
Dejellying  Process. 

The  embryos  are  dejeilied  as  described  in  the  ASTM 
Standard  Guide.  Great  care  must  be  taken  not  to  over¬ 
treat  the  embryos  or  they  will  disintegrate.  Note  that  the 
water  becomes  cloudy  as  the  jelly  is  removed.  As  the 
embryos  begin  to  roli  freely  in  the  flask,  stop  the  gentle 
swirling  motion  and  let  them  settle  to  the  bottom  of  the 
flask.  Pour  off  the  cysteine  solution  as  shown.  Add 
FETAX  solution,  swirl  briefly  and  decant.  Repeat  two 
times  (photo  by  Hull). 
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Figure  2*3.  Normal  Clutch  of  Unfertilized  Xenopus  Eggs. 

Normal  unfertilized  eggs  have  a  uniformly  pigmented 
animal  hemisphere  and  a  white  to  cream-colored  vegetal 
hemisphere.  Several  layers  of  jelly  surround  each  egg  and 
the  eggs  can  form  a  large  mass.  The  eggs  can  be  scraped 
off  the  bottom  of  the  breeding  aquarium  by  using  a  plastic 
Petri  dish.  Place  the  dish  upside  down  on  the  bottom  of  the 
aquarium  and  slide  it  along  the  bottom.  The  eggs  will  form  a 
mass  along  one  edge.  Gently  invert  the  dish  so  that  you 
raise  the  edge  with  the  eggs  first.  With  a  little  practice,  the 
eggs  will  flip  into  the  dish  as  you  turn  it  over  (photo  by 
DeYoung). 


Figure  2>4.  Eggs  Laid  in  a  String. 

This  is  an  example  of  eggs  laid  in  a  string.  Some  of 
the  eggs  may  appear  normal  but  most  are  poorly 
pigmented  and  are  not  round.  Even  with  careful  selection 
many  develop  abnormally.  This  type  of  egg  and  embryo 
should  not  be  used  in  FETAX  (photo  by  Bantle). 


Figure  2-5.  Necrotic  Eggs. 

These  eggs  are  necrotic  as  indicated  by  the  lack  of 
uniformity  in  the  pigmentation  pattern.  They  should  be 
removed  as  soon  as  possible  during  the  selection 
process  (photo  by  Hull). 


Figure  2-6.  Embryos  Not  Perfectly  Round. 

Only  perfectly  round  blastulae  should  be  selected 
for  FETAX.  The  pigmentation  of  these  is  irregular. 
Although  the  jelly  coat  has  been  removed  from  these 
blastulae,  the  fertilization  membrane  is  still  intact 
although  it  is  difficuit  to  observe  in  this  photograph  (photo 
by  DeYoung). 


Figure  2-7.  Yolk  Leaking  from  Blastulae. 

Yolk  is  leaking  from  these  blastulae  (arrow)  and 
occupying  the  space  between  the  fertiiization  membrane 
and  the  ooiemma.  Any  embryo  showing  this  type  of 
leakage  should  be  rejected  during  the  seiection  process 
(photo  by  Hull). 


Figure  2-8.  Blastula  with  Abnormal  Pigmentation. 

This  large  cell  blastula  has  abnormal  pigmentation. 
The  pigment  is  poorly  distributed;  it  should  be  localized  in 
the  animal  hemisphere.  This  type  of  pigmentation 
indicates  that  the  embryo  will  not  develop  properly  and, 
therefore,  it  should  be  rejected  for  use  in  FETAX  (photo 
by  Hull). 
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Figure  2-9.  Normal  Stage  7.5  Blastulae. 


Plate  A  shows  a  dorsal  view  of  the  earliest  stage  of 
development  that  can  be  used  for  FETAX  (the  ASTM 
guide  recommends  the  use  of  Stage  8).  By  this  stage, 
normal  cleavage  and  development  can  be  ascertained. 
Note  that  the  pigmentation  of  this  embryo  is  slightly 
irregular.  It  did  not  affect  development  of  the  embryos 
from  this  clutch.  Plate  B  shows  a  lateral  view  of  a  similar 
blastula.  The  vegetal  hemisphere  cells  are  creamy  white 
to  white  and  always  larger  than  the  pigmented  animal 
hemisphere  cells.  The  pigmentation  line  is  at  the  equator 
of  the  blastula.  Diagram  C  illustrates  the  relative  cell 
sizes  of  animal  and  vegetal  hemisphere  cells  and  the 
extent  of  migration  of  pigmented  animal  hemisphere  cells 
down  across  the  surface  of  the  vegetal  hemisphere 
(photo  by  Hull;  diagram  by  DeYoung). 


Diagram  C 

Figure  2-10.  Normal  Stage  8  Blastulae. 

Plate  D  is  a  dorsal  view  of  a  medium  ceil  blastula. 
Plate  E  is  a  lateral  view  that  happens  to  be  tilted  away 
from  the  viewer.  Notice  that  there  is  a  gradual  reduction 
in  size  of  the  cells  in  the  animal  hemisphere  area 
compared  to  the  size  of  the  cells  in  the  vegetal 
hemisphere.  Diagram  F  is  a  lateral  view  blastula 
illustrating  the  gradual  reduction  in  cell  size  and  the 
progressive  movement  of  the  pigmented  animal 
hemisphere  cel's  down  over  the  larger  white  vegetal 
hemisphere  cells  (photo  by  Hull;  diagram  by  DeYoung). 


Diagram  F 

Figure  2-11.  Normal  Stage  8.5  Blastulae. 

Plate  G,  a  dorsal  view  of  a  fine  cell  blastula,  shows 
that  cell  size  has  further  been  reduced.  Generally, 
pigmentation  is  more  even  than  that  shown  here.  The 
lateral  view  in  Plate  H  clearly  shows  that  two-thirds  of  the 
blastula  is  covered  with  small  pigmented  cells.  Cells  at 
the  equator  are  less  pigmented  than  those  at  the  top. 
Diagram  I  shows  the  movement  of  the  small  cells  down 
over  the  vegetal  hemisphere  cells.  In  Plate  H,  the  animal 
pole  is  tilted  slightly  away  from  the  viewer  (photo  by  Hull; 
diagram  by  DeYoung). 


Diagram  I 


Figure  2-12.  Normal  Stage  10  Gastrulae. 

Plate  J  shows  a  dorsal  view  of  a  Stage  10  gastrula. 
The  embryo  must  usually  be  rotated  on  its  side  in  order  to 
see  the  dorsal  lip  of  the  blastopore.  The  arrow  clearly 
shows  the  blastopore  in  Plate  K.  Diagram  L  shows  the 
dorsal  lip  of  the  blastopore  as  a  cresent-shaped  crease 
below  the  equator  of  the  embryo  (photo  by  Hull;  diagram 
by  DeYoung). 


Diagram  L 


Diagram  O 


Diagram  R 


Figure  2-13.  Normal  Stage  11  Gastrulae. 

Plate  M  is  a  dorsal  view  while  Plate  N  is  the  lateral 
view.  The  blastopore  now  encircles  the  lower  part  of  the 
embryo  and  the  white  circle  of  yolk  cells  are  now  referred 
to  as  a  yolk  plug  (arrow).  Diagram  O  shows  the  extent  to 
which  the  animal  hemisphere  cells  have  now  enveloped 
the  embryo  (photo  by  Hull;  diagram  by  DeYoung). 


Figure  2-14.  Normal  Stage  11.5  Gastrulae. 

As  gastrulation  proceeds,  the  size  of  tfie  yolk  plug 
decreases.  This  represents  the  last  stage  of  development 
that  can  be  used  for  FETAX.  It  is  recommended  that 
medium  to  fine  cell  blastulae  be  selected  for  use  but,  as 
sometimes  happens,  egg  deposition  takes  place  early  and 
older  embryos  must  be  used.  Plate  P  shows  the  dorsal 
view  with  extremely  small  cells  dotting  the  surface  while 
Plate  Q  shows  the  lateral  view  with  reduced  blastopore 
and  yolk  plug  (arrow).  Diagram  R  illustrates  not  only  the 
migration  of  the  animal  hemisphere  cells  but  the  reduction 
of  the  size  of  the  yolk  plug  (photo  by  Hull;  diagram  by 
DeYoung). 
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Figure  2-15.  Ventral  View  of  Stage  10  Gastrula. 

Note  the  cresent-shaped  blastopore  on  the  vegetal 
hemisphere  of  the  embryo.  Compare  to  Figure  2-12 
(photo  by  Hull). 


Figure  2-16.  Ventral  View  of  Stage  11  Gastrula. 

The  blastopore  is  now  oval.  Compare  to  Figure 
2-13  (photo  by  Hull). 


Figure  2-17.  Ventral  View  of  Stage  11.5  Gastrula. 

The  blastopore  is  more  round  and  is  reduced  in  size. 
Compare  to  Figure  2-14  (photo  by  Hull). 


Figure  2-20.  Normal  Stage  46  (96-hr)  Larva. 

It  is  important  to  expose  the  embryos  in  FETAX  until 
the  controls  reach  Stage  46.  The  three  larva  shown 
exhibit  the  gradual  appearance  of  the  hind  limb  bud.  The 
bottom  tadpole  is  only  Stage  45  (about  4  days)  and, 
therefore,  does  not  exhibit  the  hind  limb  bud.  The  two 
embryos  above  it  are  Stage  46  (middle)  and  Stage  47 
(top),  respectively.  FETAX  should  be  completed  at  Stage 
46  (photo  by  Hull). 


Figure  2-21.  Normal  Gut  Coiling. 

The  tadpole  on  the  left  is  Stage  45  and  does  not 
display  complete  tight  gut  coiling.  The  Stage  46  embryo 
on  the  right  has  developed  a  good  tight  complete  coil 
(photo  by  Hull). 


Figure  2-22.  Dorsal  View  of  the  Normal  Stage  46  (96-hr) 
Larva. 


The  lens  of  the  eye  is  not  visible.  Note  the  size  of  the 
normal  eye  in  relation  to  the  rest  of  the  body;  0=optic  stalk 
(photo  by  Hull). 


Figure  2-23.  Ventral  View  of  the  Eye  Region  of  a 
Normal  Stage  46  (96>hr)  Larva. 

The  lens  of  the  eye  is  visible  in  this  micrograph. 
Note  the  size  of  the  eye  and  gut  in  relation  to  the  rest  of 
the  body;  L=lens,  G=gills,  C=properly  coiled  gut  (photo  by 


r-si.. 
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Chapter  3 

Axial  Malformations 


Because  most  abnormal  embryos  possess  multiple 
malformations,  It  has  been  difficult  to  arrange  the  atlas 
ph  )iographs  by  type  of  abnormality.  Therefore,  the  atlas 
has  been  arranged  beginning  with  the  most  obvious  (i.e. 
easily  detectable  abnormalities)  through  increasingly  more 
complex  examples.  In  each  case,  all  abnormalities  will  be 
noted  and  the  user  is  urged  to  consult  previous  or  later 
photographs  for  more  details.  As  one  proceeds  through 
the  atlas,  examples  of  specific  malformations  (terata)  are 
shown  in  greater  detail.  Scanning  electron  micrographs 
and  photographs  of  sectioned  histological  preparations  are 
also  presented  throughout  the  atlas.  Although  these 
techniques  are  not  needed  in  order  to  detect  abnormalities 


in  FETAX,  the  data  are  none-the-less  presented  with  the 
hope  that  they  provide  better  descriptions  and  aid 
understanding  of  the  abnormalities  seen  with  the  aid  of  the 
dissecting  microscope. 

Unless  otherwise  noted,  in  photographs  where  more 
than  one  embryo  is  shown,  the  embryos  have  been 
exposed  to  increasing  concentrations  of  the  same  test 
material.  Usually  the  top  embryo  represents  either  a 
control  or  an  exposure  at  a  low  concentration.  The 
remaining  embryos  will  usually  be  arranged  in  order  of 
increasing  concentration.  Appendix  II  contains  information 
regarding  test  materials  and  the  concentrations  used. 


Figure  3-1.  Simple  Minor  Axial  Abnormality. 

A  simple  minor  axial  abnormality  in  which  the  tail  is 
slightly  dorsally  curved,  gives  the  impression  of  a  slight 
arch  (photo  by  Hull). 


Figure  3-2.  A  More  Complex  Axial  Abnormality. 

Here  is  a  more  complex  axial  abnormality  in  which 
the  distal  portion  of  the  tail  is  flexed  ventrally  and  a  slight 
dorsal  flexure  of  the  axis  is  present  in  the  abdominal/ 
cervical  region  (photo  by  DeYoung). 
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Figure  3-3.  Lateral  Flexure  of  the  Tail. 

This  is  a  relatively  mild  lateral  flexure  of  the  tail. 
Such  abnormalities  are  usually  related  to  malformations  of 
the  notochord.  This  embryo  also  displays  mild  eye 
(ophthalamic)  and  abdominal  edema;  E=eye  edema, 
A=abdominal  edema  (photo  by  DeYoung). 


Figure  3-4.  Severe  Lateral  Flexure  of  the  Tail. 

Tail  abnormalities  are  frequently  associated  with  the 
notochord  as  is  the  case  with  these  embryos.  In  all  other 
respects,  the  embryos  appear  normal  (photo  by  Dumont). 


Figure  3-5.  A  Case  of  Dorsal  Tail  Flexure. 

Pronounced  dorsal  flexure  of  the  tail  just  posterior  to 
the  abdominal  region  is  shown  in  this  photograph. 

Reduced  head  development  (microcephaly)  and  reduced 
coiling  of  the  gut  is  also  seen  (photo  by  Dumont). 


Figure  3-6.  Curved  Tail  Malformation. 

Severe  axial  abnormalities  of  the  tail  may  include 
pronounced  dorsal  coiling  of  the  tail  as  shown  in  these 
embryos.  They  also  display  reduced  head  development 
and  significantly  reduced  coiling  of  the  gut.  Note  that  both 
embryos  share  the  same  defect.  Some  toxicants  cause 
the  same  effects  in  all  embryos  (photo  by  Dumont). 


Figure  3-7.  Wavy  Tail  Malformation. 

The  embryo  in  the  top  of  the  photograph  is  a  control 
while  the  one  shown  at  the  bottom  illustrates  a  wavy 
condition  of  the  tail  with  a  slight  dorsal  flexure  at  the  end. 
The  notochord  is  clearly  seen  in  this  photograph  and. 
along  with  somites,  is  abnormal.  The  abnormal  embryo  is 
shorter  than  normal  and  displays  an  incompletely  coiled 
gut  (photo  by  Dumont). 


Figure  3-8.  Severe  Wavy  Tail  Malformation. 

The  embryo  at  the  top  is  the  control.  The  embryo  in 
the  middle  shows  an  undulating  or  wavy  notochord,  while 
the  embryo  at  the  bottom  has  a  stunted  tail  with  few 
waves,  severe  abdominal  edema,  and  abnormal  gut 
coiling.  There  is  also  a  progressive  reduction  in  head  size 
(photo  by  Hull). 


Figure  3-9.  Cross-Section  of  a  Stage  46  (96-hr) 
Embryo. 

This  scanning  electron  micrograph  of  a  transected 
embryo  tail  shows  a  herniated  region  of  the  notochord 
(arrow).  Herniations  and  curved,  or  wavy  notochords  are 
frequently  seen  in  embryos  that  have  been  exposed  to 
laythrogens  (photo  by  Dumont). 


Figure  3-10.  Axial  Shortening. 

General  shortening  of  the  embryonic  axis  is 
frequently  seen  and  may  or  may  not  be  associated  with 
other  abnormalities.  Histological  studies  have  revealed 
that  there  is  usually  either  a  reduction  in  number  or  size  of 
the  somites.  In  this  case,  the  embryo  on  the  bottom  is  a 
control.  The  embryo  in  the  top  of  the  photo  shows 
significant  shortening  (reduced  growth),  in  such  cases  the 
tail  fin  frequently  appears  broad  and  may  originate  from  a 
more  anterior  position  (in  this  illustration  near  the  middle 
of  the  dorsal  abdominal  region).  The  embryo  also  shows 
mild  cardiac  edema  (arrow)  and  mild  retardation  of ;  Jt 
coiling  (photo  by  Dumont). 
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Chapter  4 

Blistering  and  Edema 


Edema  is  a  frequent  occurrence  and  may  be 
general  (somatic)  or  regional,  e.g.,  eye  (optic),  abdominal, 
cranial,  or  mallar.  Edema  is  easily  identified  and  appears 
as  transparent,  swollen,  fluid-filled  areas.  Occasionally, 


epidermal  blisters  may  appear  and  these  are  also 
classified  as  edema.  Their  locations  on  the  embryo 
varies.  Mild  edema  is  most  easily  identified  in  living 
embryos. 


Figure  4-1.  Embryos  with  Moderate  Blistering. 

Malformed  embryos  that  display  various  degrees  of 
blistering  in  the  absence  of  severe  edema  are  shown  in 
this  photo.  Blisters  (arrows)  are  most  frequently  observed 
along  the  dorsal  midline  (fin)  area  or  ventrally  near  the 
anus.  These  embryos  are  also  much  shorter  than  normal, 
have  malformed  guts,  and  display  reduced  eye 
(microophthalmia)  and  head  development  (microcephalia) 
(photo  by  Dumont). 


Figure  4-2.  Optic  Edema  and  Blistering. 

This  scanning  electron  micrograph  of  an  embryo 
displays  dorsal  and  ventral  blisters.  Severe  optic  edema 
(arrow),  malformation  of  the  head/face  and  reduced  length 
are  also  apparent  (photo  by  Dumont). 


Figure  4-3.  Cardiac  Edema. 

These  embryos  exhibit  edema  in  the  cardiac  region 
(arrows)  (control  at  top).  Such  edemas  are  frequently 
accompanied  by  malformations  of  the  heart.  The  embryo 
at  the  bottom  also  displays  malformations  of  the  eyes, 
head,  face,  and  gut  (photo  by  Dumont). 
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Figure  4>4.  Abdominal  and  Cardiac  Edema. 

This  series  of  embryos  display  increasingly  severe 
abdominal  edema  (arrows)  after  exposure  to  increasing 
concentrations  of  test  material  (control  at  top).  Failure  to 
achieve  normal  gut  development  often  accompanies  such 
edema.  In  this  case  there  is  an  almost  total  failure  of  the 
gut  to  undergo  normal  torsion  (coiling)  (photo  by  Dumont). 


Figure  4>5.  Mild  Optic  Edema. 

This  embryo  has  mild  edema  in  the  optic  and 
abdominal  areas;  O=optic  and  Asabdomlnal  (photo  by 
Hull). 


Figure  4-6.  Severe  Optic  Edema. 

An  embryo  has  severe  optic  edema  (arrows). 
Edematous  areas  are  usually  devoid  of  pigment.  Optic 
edema  is  usually  accompanied  by  malformations  of  the 
eye.  In  this  case  the  eyes  are  reduced  in  size 
(microophthalmia)  (photo  by  Hull). 
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Figure  4-7.  A  Histological  Section  Through  the  Head 
Region  of  a  Severely  Edematous  Embryo. 


The  mesenchymal  tissue  is  dispersed  and  large 
“void”  spaces  are  seen  (arrow).  In  this  case,  the  eyes  are 
aiso  abnormal,  as  the  lenses  appear  to  be  developing 
outside  the  optic  cup  (photo  by  Dumont). 


Figure  4-8.  An  Anterior  View  of  a  Severely  Edematous 
Embryo. 

This  embryo  has  severe  optic,  facial  and  abdominal 
edema;  O=optic,  F=face,  and  A=abdominal  (photo  by 
Hull). 


Figure  4-9.  Severe  Generalized  Edema. 

Severe  abnormalities  affecting  all  major  organ 
systems,  e.g.,  head,  face,  eye,  brain,  and  gut  are 
accompanied  by  extensive  edema  (photo  by  Dumont). 
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Chapter  5 

Eye  Abnormalities 


Abnormalities  of  the  eye  include  reduced 
development  (microophthalmia),  failure  of  the  choroid 
fissure  to  ciose  [ciosure  is  normaiiy  nearly  complete  at 
Stage  35/36  (2  days)],  reduced  or  inappropriate 
pigmentation,  dislocation  of  the  lens,  sometimes  to  an 


area  outside  the  developing  optic  cup,  and  failure  of  the 
optic  cup  to  separate  from  the  brain  (diencephaion). 
Some  of  the  more  subtie  anomaiies  may  be  difficuit  to 
detect.  When  detected  in  a  single  specimen,  ail  embryos 
should  be  carefully  examined. 


Figure  5-1.  Side  View  of  the  Eye  Region  of  a  Normal 
Stage  46  (96-hr)  Embryo. 

The  eye  is  rather  large,  concentric  and  darkly 
pigmented.  A  pale,  translucent  lens  is  situated  in  the 
center,  or  slightly  below  the  center,  of  the  eye.  The 
choroid  fissure  appears  as  a  slit  on  the  ventral  aspect 
(arrow).  It  should  be  barely  visible  as  an  indentation  in  the 
ventral  surface  (photo  by  Hull). 


Figure  5-2.  Histological  Cross  Section  of  a  Normal 
Stage  46  (96-hr)  Embryo. 

This  is  a  cross  section  through  the  eye  region  at  the 
same  stage  of  deveiopment  as  in  Figure  5-1 ;  HE=head 
ectoderm  (cornea),  L=lens,  l=iris,  NR=neural  retina, 
PR=pigmented  retina,  0=optic  staik  (photo  by  Dumont). 


Figure  5-3.  Reduction  In  Eye  Size. 

Both  eyes  are  smaller  than  normal  in  this  mildly 
edematous  embryo  and  the  lens  of  the  smaller  eye 
appears  to  be  extruding  from  the  pigmented  eye  cup 
{arrow)  (photo  by  Hull). 


Figure  5-4.  Reduction  in  the  Size  of  a  Single  Eye. 

It  is  important  to  carefully  examine  both  eyes. 
Sometimes  one  is  normal  while  the  other  may  be 
abnormal  as  in  this  example  where  the  left  eye  is  greatly 
reduced  in  size.  In  all  other  reipects,  the  embryo  appears 
normal  (photo  by  Hull). 


Figure  5-5.  Failure  of  the  Choroid  Fissure  to  Close. 

Other  eye  abnormalities  include  incomplete  closure 
(fusion)  of  the  choroid  fissure.  This  feature  may  range  in 
severity  from  a  slight  enlargement  of  the  gap  to  a  very 
pronounced  slit.  In  this  embryo  shown,  closure  of  the 
fissure  appears  only  partially  incomplete  (arrow)  while  the 
size  of  the  eye  and  lens  appear  normal  (photo  by  Hull). 


Figure  5-6.  Moderate  Failure  of  the  Choroid  Fissure  to 
Close. 


Incomplete  fusion  of  the  choroid  fissure  is  clearly 
seen  in  this  embryo's  eye  (arrow).  The  eye  is  also 
reduced  in  size  (photo  by  Hull). 


Figure  5-7.  Severe  Failure  of  the  Choroid  Fissure  to 
Close. 

A  complete  failure  of  the  choroid  fissure  to  close 
(arrow)  is  evident  in  this  embryo.  The  embryo  also 
exhibits  rather  severe  optic  edema  as  well  as  facial 
abnormalities  (photo  by  Hull). 


Figure  5*8.  Optic  Cup  Rupture. 

Ruptures  of  the  optic  cup  sometimes  occur  in  which 
it  appears  that  the  lenses  are  extruded  (arrow).  In  other 
respects  the  eye  appears  normal.  The  embryo  shown 
displays  edema  and  facial  malformations  such  as  ocular 
edema  and  foreshortened  facial  features  (photo  by  Hull). 


Figure  5-9.  Severe  Optic  Cup  Rupture. 

The  eye  of  this  embryo  appears  normal  except  for 
the  accumulation  of  a  mass  of  pigment  on  its  dorsal 
surface  (photo  by  Hull). 


Figure  5-10.  Progressive  Depigmentation  of  the  Eye. 

Some  developmental  toxicants  cause  progressive 
loss  of  pigment.  The  control  in  this  series  (top)  shows 
normal  pigmentation  while  increasing  concentrations  (top 
to  bottom)  cause  increasingly  greater  depigmentation 
(photo  by  Dumont). 


Figure  5-11.  Eyes  Lacking  Pigment. 

Other  eye  malformations  are  frequently  associated 
with  depigmentation,  as  this  embryo  depicts  (photo  by 
Hull). 


Figure  5-12.  irregular  Pigmentation  of  the  Eye. 

Pigmentation  of  the  eye  and  the  surrounding  area  is 
frequently  aberrant.  This  is  typified  by  irregular  eye  shape 
or  eccentric  accumulations  of  pigment  as  is  shown  in  this 
severely  deformed  embryo  (photo  by  Hull). 


Figure  5-13.  Irregular  Distribution  of  Pigment  Around 
the  Eye. 

Failure  of  the  optic  cup  to  expand  and  develop  will 
cause  a  variable  "capping"  of  the  eye  with  pigment.  This 
may  be  an  extreme  case  of  the  failure  of  the  choroid 
fissure  to  close.  This  figure  shows  an  external  view  of  the 
same  type  of  eye  malformation  that  Figure  5-14  shows  in 
cross  section  (photo  by  Hull). 


Figure  5-14.  Cross  Section  Through  the  Optic  Cup 
Region  of  the  Eye. 

This  is  a  histological  cross  section  through  the  optic 
region  illustrating  abnormal  development  of  the  eye.  The 
optic  structures  are  still  in  direct  communication  with  the 
ventricles  of  the  brain.  The  lens,  while  normal  in 
appearance,  has  not  developed  in  a  normal  relationship 
with  other  optic  tissues.  Compare  with  Figure  5-2;  L»lens, 
PR=incomplete  pigmented  retina  (photo  by  Dumont). 


Figure  5-15.  Complete  Failure  of  Eye  Development  and 
Retinal  Pigmentation. 

In  this  embryo,  the  pigmentation  surrounding  the 
developing  eye  (arrow)  is  so  sparse  that  it  is  difficult  to 
locate  those  portions  of  the  eye  that  did  develop  (photo  by 
Hull). 
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Figure  S  i  o.  An  Eye  With  Two  Lenses. 

Sometimes  two  lenses  may  develop  in  the  same  eye 
(photo  by  Hull). 


Figure  5-17.  Ovai  Shaped  Eyes. 

Because  of  aberrant  eye  development  and 
pigmentation,  the  shape  and  location  of  the  eyes  in  this 
embryo  is  abnormal.  Abnormal  shape  is  also  frequently 
associated  with  edema.  The  eyes  in  the  edematous  optic 
region  of  the  embryo  in  this  photograph  are  ovoid  -  a 
shape  made  more  obvious  by  the  placement  of  pigment 
(photo  by  Hull). 


Figure  5-18.  Severeiy  Maiformed  Eyes. 

As  shown  in  this  anterior  view  of  a  severely 
abnormal  embryo,  pigmentation  and  lateral  movement 
(positioning)  of  the  optic  cup  has  not  occurred  normally. 
The  development  of  the  brain,  head,  and  face  are 
abnormal  and  the  embryo  suffers  severe  abdominal  and 
cardiac  edema  (photo  by  Hull). 


Figure  5-19.  Displacement  of  the  Eye  to  a  Posterior 
Location. 


This  embryo  has  two  anatomically  normal  eyes. 
However,  one  is  displaced  into  the  abdominal  region 
(photo  by  Hull). 


Figure  5-20.  Narrowing  of  the  Eyes. 

Although  the  eyes  of  this  small  embryo  appear 
normal  in  size,  they  are  located  close  to  the  brain  and  the 
optic  tract  is  covered  with  pigment.  The  next  two  figures 
show  a  progressive  narrowing  of  the  eyes  towards  the 
midline  of  the  body  and  cyclopia  (photo  by  Hull). 


Figure  5-21.  Severe  Narrowing  of  the  Eyes. 

The  eyes  of  this  abnormal  embryo  remain  closely 
associated  with  the  walls  of  the  brain  (diencephalon)  and 
pigment  covers  not  only  the  developing  eyes  but  also  the 
roof  of  the  brain.  This  condition  is  not  truly  cycloptic 
(photo  by  Hull). 


Figure  5-22.  A  Cyclops. 

A  cycloptic  embryo  with  one  anatomically  cor.'-ect 
eye  located  in  the  anterior  midline  (photo  by  Hull). 


Chapter  6 

Extreme  Head  Abnormalities 


Brain  abnormalities  are  frequently  associated  with 
other  gross  malformations.  The  brain  normally  develops 
as  an  expanded  tube  that  forms  vesicles  through 
constrictions.  These  vesicles  may  increase  or  decrease  in 
size  in  response  to  a  toxicant.  As  the  insult  increases,  the 


brain  may  be  rudimentary  or  completely  lacking,  in  rare 
cases  where  the  toxicant  works  at  early  cleavage,  a 
second  embryonic  axis  may  form,  leading  to  a  two-headed 
embryo.  In  cases  where  the  malformation  is  less  severe, 
"capping"  of  the  head  with  pigmented  cells  is  apparent. 


Figure  6*1.  Reduced  ForebraIn  with  "Capping"  of 
Pigment  Cells. 

Although  this  embryo  shows  numerous 
abnormalities  (length,  gut,  face  and  head),  especially 
noticeable  is  the  abnormal  forebrain.  Note  that  it  is 
abnormally  arched  over  the  eyes  and  deflected  downward 
into  the  brow  area;  B=brain  (photo  by  Dumont). 


Figure  6-2.  Reduced  Brain  Size  Accompanied  by  a 
Failure  to  Form  Brain  Vesicles. 

This  is  an  extremely  abnormal  embryo  with  a  highly 
arched  brow.  The  cranium  contains  a  small  abnormal 
brain.  This  embryo  also  shows  severe  head  and  facial,  tail 
and  tail  fin,  eye,  and  gut  abnormalities.  In  addition,  the 
embryo  is  unusually  short;  B=brain  (photo  by  Hull). 


Figure  6>3.  Complete  Failure  of  the  Brain  to  Develop. 

The  neural  tube  of  this  embryo  has  failed  to  fuse 
during  neurulation.  Consequently,  this  embryo  has  no 
brain  or  eyes  but  was  still  alive  at  the  conclusion  of  the 
test.  All  other  organs  are  malformed  as  well;  B=brain 
(photo  by  Dumont). 
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Figure  6-4.  An  Expanded  Brain  Vesicie. 

This  embryo  has  an  expanded  brain  vesicle  that  has 
caused  the  head  to  form  a  peak.  Anterior  structures  are 
lacking  or  malformed.  The  choroid  fissure  has  failed  to 
fuse  and  the  mouth  is  severely  deformed;  B=brain  (photo 
Hull). 


Figure  6-5.  Ventral  View  of  a  Two-Headed  Two-Tailed 
Embryo 

This  is  a  rare  malformation  that  occurs  when  a 
severe  toxic  insult  occurs  very  early  in  development. 

Two  heads  and  two  tails  are  clearly  evident  in  this  embryo 
that  has  established  a  second  longitudinal  axis;  H=head, 
T=tail  (photo  by  Hull). 


Figure  6-6.  Dorsal  View  of  a  Two-Headed  Two-Tailed 
Embryo 

All  organ  systems  are  abnormal;  H=head,  T=tail 
(photo  by  Hull). 


Chapter  7 

Head  and  Facial  Malformations 


Abnormalities  of  the  head  and  face  may  be  less 
obvious  than  other  types  of  malformations  and  require 
somewhat  more  careful  examination.  Facial  abnormalities 
generally,  though  not  always,  appear  in  conjunction  with 
edema  of  the  eyes,  head,  or  face.  Examples  of  specific 
head  and  facial  abnormalities  are  Included  in  the  following 
section.  Malformations  in  unstained  embryos  may  be 


difficult  for  the  novice  to  discern.  Until  proficiency  is 
gained,  the  beginning  technician  should  use  stained 
specimens  (Appendix  III).  The  tail  of  the  embryo  can  be 
inserted  into  insect  screening  to  hold  the  face  toward  the 
dissection  microscope.  Often,  malformations  of  the  head 
and  brain  are  accompanied  by  other  severe  embryo 
terata. 


Figure  7-1.  Scanning  Eiectron  Micrograph  of  the  Face 
of  a  Normai  Stage  46  (96-hr)  Embryo. 

This  scanning  electron  micrograph  showing  the 
facial  region  of  a  normal  embryo  is  presented  to  assist  in 
understanding  some  of  the  less  obvious  features  of 
malformation  of  the  head  and  face.  The  metal  shadowed 
eyes  appear  as  lateral  bulges.  Note  the  large  mouth,  with 
the  developing  tentacles  in  the  corners,  optic  bulge,  nares 
surrounded  by  clumps  of  ciliated  cells,  and  the  oral 
sucker;  M=mouth,  0=optic  bulge,  N=nares,  and  S=oral 
sucker  (photo  by  Dumont). 


Figure  7-2.  Scanning  Eiectron  Micrograph  of  the  Face 
of  an  Abnormai  Embryo. 

This  scanning  electron  micrograph  shows  the  head 
of  an  embryo  with  abnormal  facial  development.  The 
developing  nares  appear  normal.  However,  optic  edema 
is  indicated  by  the  large  optic  "bulge",  the  mouth  is  smaller 
than  normal  and  the  tentacles  have  not  appeared.  The 
"chin"  area  is  extremely  narrow  suggesting  abnormal  jaw 
(cartilage)  and  oral  sucker  development.  The  "brow" 
region  is  abnormally  high  suggesting  abnormalities  of  the 
brain;  B=brow,  M=mouth,  0=optic  bulge,  N=nares,  and 
S=oral  sucker  (photo  by  Dumont). 
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Figure  7-3.  Light  Micrograph  of  the  Face  of  a  Normal 
Stage  46  (96-hr)  Embryo  that  has  been  Lightly 
Stained. 

Compare  Figure  7-1  with  the  structures  seen  here 
(photo  by  Huil). 


Figure  7-4.  Light  Micrograph  of  the  Face  of  an 
Abnormal  Embryo. 

Compare  the  shape  and  location  of  facial  structures 
seen  here  with  Figures  7-1  and  7-3  The  staining  clearly 
shows  radical  differences  in  the  placement  of  the  mouth 
and  nares  in  relation  to  the  eyes.  These  differences  are 
not  readily  apparent  in  unstained  embryos;  M=mouth, 
0=optic  bulge,  N=nares,  and  S=the  oral  sucker  (photo  by 
Hull). 


Figure  7-5.  A  Round  Headed  Embryo  with  Faciai 
Defects. 

An  abnormally  small  rounded  head  and  malformed 
facial  region  is  displayed  by  this  embryo.  In  many  cases 
where  the  head  is  small  (microcephaly),  the  oral  sucker 
(arrow)  appears  prominent,  suggesting  that  in  such  cases 
the  development  of  this  organ  is  unaffected.  The  eyes, 
although  somewhat  smaller  than  normal,  appear 
proportional  to  the  size  of  the  head.  In  addition,  the 
embryo  itself  is  abnormally  short.  Gut  development  is 
characterized  by  a  lack  of  appropriate  coiling  (photo  by 
Dumont). 


Figure  7-6.  Abnormai  Embryo  with  Prominent 
Forehead  and  Extended  Mouth. 

Abnormai  head  and  facial  development  is  depicted 
by  the  flattened  face  and  rounded  brow.  The  eye  appears 
normal.  There  is  slight  cardiac  edema  around  the  heart 
and  inadequate  gut  coiling,  considering  that  this  embryo  is 
96  hours  old.  The  oral  sucker  appears  prominent; 

H=heart  and  S=oral  sucker  (photo  by  Rayburn). 


Figure  7-7.  An  Embryo  with  a  Sioping  Forehead  and 
Distended  Mouth. 

Despite  the  apparently  normal  gut  and  eye,  the  head 
and  face  region  of  this  embryo  is  significantly  malformed. 
The  face  is  extremely  flattened  and  the  forebrain  is 
deflected  downward  along  the  front  of  the  brow;  B=brain 
(photo  by  Rayburn). 


Chapter  8 

Heart  Malformations 


The  detection  of  cardiac  maiformations  in  Stage  46 
(96-hr)  embryos  is  difficuit  for  the  novice.  After  formaiin 
fixation,  the  heart,  which  is  visible  through  the  transparent 
skin,  becomes  opaque  and  its  development  is  difficult  to 
assess.  It  is  best  to  learn  to  detect  malformations  in 
anesthetized  or  stained  animals  before  identifying  them  in 
formalin-fixed  embryos.  Appendix  III  gives  information  on 
procedures  for  anesthetizing  and  staining  Stage  46 
embryos. 

It  should  be  remembered  that  the  heart  begins 
development  as  a  pair  of  tubes  that  come  together  to  form 
a  single,  independently  beating  tube  that  works  by 
peristaltic  action.  It  develops  a  loop  and  then  vesicles  are 


formed  by  expansion.  These  vesicles  become  the  auricles 
and  the  ventricle.  Developmental  toxicants  may  slow  or 
alter  this  process  leaving  only  a  short,  muscular  tube  to 
sustain  life  by  peristaltic  action.  A  beating  heart  is  an 
unambiguous  sign  of  life  even  though  the  heart  may  not 
be  properly  formed.  When  the  heart  is  slowly  beating 
following  anesthesia,  it  is  easy  to  observe  abnormalities  as 
the  heart  pumps  blood  (see  Figures  8-1  and  8-2).  As 
proficiency  is  gained,  atanormal  embryos  can  be  stained 
and  observed  for  defects.  After  the  investigator  is 
competent  with  stained  embryos,  malformed  hearts  may 
be  detected  more  readily  in  formalin-fixed  embryos. 


Figure  8-1.  Diagram  of  a  Normal  Stage  46  (96-hr) 
Embryo  with  Normal  Heart  and  Gut  (Ventral  View). 

The  shape  of  the  vesicles  vary  as  the  heart  beats  as 
seen  in  Figure  8-2.  Fixation  moves  the  vesicles  into 
slightly  different  positions.  Note  the  aortic  arches  that  lead 
away  from  the  heart;  AA=aortic  arches,  BC=bulbous 
cordis,  V=ventricle  of  the  heart;  the  atria  are  immediately 
above  the  ventricle  (diagram  by  DeYoung). 


Figure  8-2.  MS-222  Anesthetized  Normal  Stage  46  (96- 
hr)  Embryo  (Ventral  View). 

Note  the  red  blood  in  the  large  ventricle  of  this  live 
specimen.  The  blood  can  be  followed  as  it  goes  from  one 
chamber  to  another  (photo  by  Work). 
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Figure  8>3.  Stained  Normal  Stage  46  (96>hr)  Embryo 
(Ventral  View). 

The  staining  procedure  used  makes  it  much  easier 
to  observe  the  heart  and  aortic  arches.  Compare  this 
figure  with  Figures  8-2  and  8-4  (photo  by  Huli). 


Figure  8^.  Formalin  Fixed  Normal  Stage  46  (96>hr) 
Embryo  (Ventral  View). 

The  3%  v/v  formalin  fixation  renders  the  heart  as  a 
translucent  mass  of  tissue  above  the  coiled  gut.  Abnormal 
embryos  are  usually  examined  in  formalin  so  face  and 
heart  malformations  may  be  harder  to  observe.  The 
anesthesia  and  staining  protocols  are  time  consuming  and 
should  only  be  used  in  training  (photo  by  Hull). 


37 


Figure  8-5.  Increasing  Concentrations  of  a 
Developmental  Toxicant  Result  in  Increasingly  Severe 
Heart  Malformations. 

The  heart  of  the  control  embryo  (top)  seen  in  this 
lateral  view  is  norma!.  The  heart  of  the  embryo  that  is 
third  from  the  top  shows  an  abnormal  expansion  of  the 
ventricle  (arrow)  just  in  front  of  the  gut.  The  bottom 
embryo  shows  the  heart  as  a  large  amorphous  mass  in  an 
edematous  pericardial  cavity.  These  embryos  are  all 
formalin-fixed  (photo  by  Hull). 


Figure  8-6.  Severe  Failure  of  the  Heart  Tube  to  Coil 
Properly. 

The  Stage  46  embryo  at  the  top  is  a  control  and 
shows  a  properly  coiled  heart  in  lateral  view.  The  embryo 
at  the  bottom  shows  a  displaced  heart  with  abnormal 
vesicles  in  front  of  the  gut  (arrow)  (photo  by  Hull). 


Figure  8-7.  A  Poorly  Coiled  Heart  and  Pericardial  Edema. 


The  top  embryo  (control)  shows  a  properly  coiled  heart  from  a  right  lateral  view.  The  abnormal  embryo  below  has  a 
straight  tube  (arrow)  in  some  places  (near  gut)  and  an  anterior  bulging  vesicle.  The  severe  pericardial  edema  has  pushed 
the  heart  into  the  dorsal  portion  of  the  body  cavity:  H=heart  and  V=vesicle  (photo  by  Hull). 


Figure  8-8.  Displaced  Heart  with  Abnormal  Vesicle  Formation. 

This  IS  a  severely  deformed  Stage  46  (96-hr)  embryo  with  pericardial  edema.  The  vesicles  have  formed  as  several 
prominent  bulges  that  are  out  of  position.  The  pericardial  area  has  swollen  away  from  the  heart;  H=heart,  G=gut,  E=eye 
and  V=vesicle  (photo  by  Hull). 
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Figure  8-9.  A  Heart  Composed  of  a  Single  Vesicle  and  a  Straight  Tube. 


A  very  severe  malformation  (arrow)  is  easily  detected  in  this  formalin-fixed  Stage  46  (96-hr)  embryo.  The  edema 
made  detection  easy  (photo  by  Hull). 


Figure  8-10.  A  Heart  Composed  of  a  Single  Straight  Tube. 

A  heart  composed  of  a  single  beating  tube  (arrow)  (photo  by  Hull). 


Chapter  9 

Gut  Abnormalities 


Abnormal  development  of  the  gastrointestinal  tract 
(gut)  is  characterized  primarily  by  the  lack  of  coiling. 

Coiling  begins  at  Stage  39  (56-hr)  and  by  Stage  4b  (96-hr) 
the  gut  has  normally  undergone  two  to  two  and  one  half 
coiling  revolutions  (Nieukoop  and  Faber,  1975).  Failure  of 
the  gut  to  coll  by  Stage  46  may  be  due  to  either  abnormal 
development  or  developmental  delay.  If  the  malformations 
appear  slight,  it  might  be  desirable  to  let  some  of  the 
embryos  continue  to  develop  past  96  hours  in  clean  FETAX 


solution.  If  the  gut  finally  colls  properly  then  it  is  not  an 
abnormal  embryo  but  a  case  of  developmental  delay. 
Developmental  delay  is  an  important  measurement  which 
can  be  recorded  separately.  Although  the  gut  shows 
extremely  well  in  formalin-fixed  embryos,  the  detection  of 
abnormal  gut  coiling  is  made  more  difficult  by  cases  of 
developmental  delay.  Edema  In  the  abdomen  Is 
suggestive  of  abnormal  development. 


Figure  9-1.  Various  Stages  in  Normal  Gut  Development. 

Control  embryos  were  fixed  in  formalin  after  various  times  of  normal  development.  After  fixation  they  were  arranged 
to  show  the  normal  coiling  of  the  gut.  From  left  to  right  the  hours  of  development  are.  76  hr,  80  hr,  92  hr,  96  hr,  100  hr.  All 
these  embryos  were  incubated  at  23.5  °C  (photo  by  Hull). 


Figure  9-2.  Various  Degrees  of  Incomplete  Gut  Coiling 
Caused  by  Toxicant  Action. 

Compare  with  Figure  9-1  to  see  how  closely  these 
abnormal  guts  may  resemble  earlier  stages  of  gut 
development  (photo  by  Hull). 
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Figure  9-3.  Relationship  of  Gut  Coiling  to  Toxicant 
Concentration. 


Here  extreme  gut  malformation  is  shown  in 
moderate  concentrations  of  teratogen  (control  at  top). 

The  second  embryo,  while  possessing  some  subtle  facial 
and  head  malformations,  has  a  normal  appearing  gut. 

The  third  embryo,  however,  has  a  looser  coiled  gut  while 
the  embryo  at  the  bottom  of  the  photograph  has  severe 
abnormalities,  including  a  malformed  gut.  In  extreme 
cases,  the  gut  may  be  a  simple  straight  tube  that  never 
coils  properly.  Note  the  blisters  along  dorsal  midline 
above  the  abdomen,  severe  edema,  short  length,  and 
malformed  head  and  eyes  in  the  bottom  embryo  (photo  by 
Rayburn). 


Figure  9-4.  Relationship  of  Gut  Coiling  to  Toxicant 
Concentration. 

In  cases  where  edema  is  not  a  part  of  the 
syndrome,  the  developing  gut  remains  more-or-less 
compact.  Its  lack  of  coiling  is  easily  defected.  Note  the 
abnormal  heads  and  short  length.  The  highest 
concentration  is  on  the  left  and  decreases  toward  the 
right.  The  control  is  the  last  embryo  on  the  right  (photo  by 
Hull). 


Figure  9*5.  Relationship  of  Gut  Colling  to  Toxicant 
Concentration. 


Shown  is  a  series  of  embryos  (control  at  top) 
exposed  to  increasing  concentrations  of  a  teratogen. 
Progressive  malformation  (lack  of  coiling)  of  the  gut  can 
be  seen  as  the  concentration  increases.  In  the  second 
and  third  embryo,  the  gut  is  coiled  but  not  to  the  extent 
normally  expected  by  Stage  46.  In  the  fourth  embryo, 
coiling  has  not  occurred  and  the  gut  appears  sigmoid 
while  in  the  bottom  embryo,  the  gut  is  essentially  an 
enlarged  straight  tube.  In  severe  cases,  the  yolk  will  leak 
into  the  gut  and  anus.  Other  progressively  severe 
abnormalities  include  those  of  the  head  and  face,  brain, 
face,  and  tail  (photo  by  Dumont). 


Figure  9-6.  Complete  Lack  of  Coiling  of  the  Gut. 

When  edema  is  present,  malformations  of  the  gut 
are  easier  to  detect.  In  this  case,  the  gut  has  coiled  into  a 
single  loop  instead  of  coiling  normally.  Note  severe 
edema  in  the  abdominal,  cardiac,  and  optic  regions.  The 
eye  is  reduced  in  size  and  is  poorly  pigmented  (photo  by 
Dumont). 
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Appendix  I 
FETAX  Data  Sheets 


FETAX  SUMMARY  SHEET 


Test  Material  J  3  ^  j  .  ^ehholCj  ficM 


Siqryioj  _ 


CAS  No.  4/75*^-  V5-Z  N*-  6"^  -f4>^f3/ 


Composition/Purity  19% 


Solvent  none 


_pH_ 


D.  yoon 


BanHe,/0%ll 


TMt  Stert  Ok*  ^  ^ 


TMt  Units  (i.*.,  nis/ml) 


Stock 


Control 


Highest  Cone. 


.  FETAX  CONTROL. 

No.  Otsd  or  Msiformtd 
Total  Nunbtr 


DAY  1 


DAY  2 


DAY  3 


n.i 

n.‘4‘ 

m 

n.o 

1.1 

DAY  4 


5 


DAY  5 


X  100  »  % 


Solvent  Control  HOnfi# 


Control  Length  3.^9 


MORTALITY . 
RECORD 


~  X  100»  Jl. 


Solvent  Control  Length 


MALFORMATION  — 
RECORD 


iOO  :  ^8  X  100 »  J-  % 


-  :  X 100  *  _r: _ % 


Minimum  Concentration  to  Inhibit  Growth  (MCIG) 


TEST  MATERIAL/COMPOUND  :  RESULTS 


TEST 


NOEL 


LOEL 


LCjo 


MORTALITY 


lo 


30 


^S.7 


MALFORMATION 


1 


STATISTICAL  TEST  USED 


I3.0n-^vmerruj 

'T-iiAJh 

95%  Confidence  limits  95%  Confidence  Limits  ^3»/  "  O') 


TEST  TERATOGENIC  INDEX  (TI  =  LC  50  /EC50  ) 


10.  £ 


POSITIVE  CONTROL:  6  AMINONICOTINAMIDE  (6-AN)  RESULTS 


CONCENTRATION 

MORTALITY 

MALFORMATION 

5.5  mg/L 

2-  :  50  X  100  =  */  % 

^  X 100*  Vs  % 

2500  mg/L 


FETAX  SUMMARY  SHEET 


Test  Material 


Source 


CAS  No. 


Conposition/Purity 


Solvent 


--  pH— 

.ock 


Control 


Highest  Cone. 


i—.  FETAX  CONTROL: 

No.  Ooad  or  HalfoniMd 
Tottl  N(J*or 


Solvent  Control 


Control  Length 


Lot  No. 


Test  No 


InvMtigator 


Lab 


Tatt  Start  Data 


TMt  End  Data 


TMt  Unita  (i.a.,  mg/ml) 


DAY  1 

DAY  2 

DAY  3 

DAY  4 

DAY  5 

X  100  -  % 


MORTALITY  MB 

MALFORMATION 

RECORD 

1 

RECORD 

_ : _ X100- _ 


_ : _ X100- _ 


Solvent  Control  Length 


.X100> 


.X  100: 


Minimum  Concentration  to  Inhibit  Growth  (MCIG) 


TEST  MATERIAL/COMPOUND  :  RESULTS 


TEST 


NOEL 


LOEL 


LC50 


95%  Confidence  limits 


MORTALITY 


MALFORMATION 


STATISTICAL  TEST  USED 


TEST  TERATOGENIC  INDEX  (TI  =  LC50  /EC50  ) 


EC50 


95%  Confidence  Limits 


POSITIVE  CONTROL:  6  AMINONICOTINAMIDE  (6-AN)  RESULTS 


MALFORMATION 


CONCENTRATION 

MORTALITY 

5.5  mg/L 

X1CX)» 

2500  mg/L 

X100- 

Concenlraiion  I  Stock  (ml)  yic  I  FETAX  (ml)  T  24  hr  I  48  hr  I  72  hr  |  96  hr  ]  Total 


r.q  Iryit  s>*t>cK ax4te^eMJhra.-Hc^ 


Test  Material 


FETAX  MALFORMATION  DATA 


m 


& 


E 

E 

E 

1 

B 

B 

B 

m 

E 

i 

m 


m 

o 

SI 

SI 


m 


IDI 


5 


±  »  ^ 


^  3  1  5  1  ^  1  I  i 

5-  E2U<ta.U0^§  i|35| 

S2s<e  «e£liS.S|«s| 

H  z  b  b.  u  ea  S  u  ea  O 


Rco  ic/]  lU  u 


Comments: 


FETAX  MALFORMATION  DATA 


FETAX  MALFORMATION  DATA 


T«tM.url.l  ^djid 


Ditt  2  -X-  90 


CONCENTRATION  No.  MALFORMED  TOTAL 


TYPE 


iV  |lK>:it)o|  100 


100 !  ioo 


too 


FETAX  RAW  DATA  SUMMARY  SHEET  (96  Hr.) 


Test  No. 


CAS  No. 


Vendor/Lot  No.  OleSi 


CONCENTRATION 


S  MORTALITY 


%  MALFORMATION 


FETAX  RAW  DATA  SUMMARY  SHEET  (96  Hr.) 


Test  Material 

CAS  No. 

Test  No. 

Vendor/Lot  No. 

mil.  ■Ill  —I  II . 


CONCENTRATION 


%  MORTALITY 


H  MALFORMATION 


FETAX  with  METABOLIC  ACTIVATION  (MA) 
Summary  Sheet 


Test  Material  j 


CAS  No. 


Composition/Purity  tJ'CJ 


Solvent  DfiiSO 


Test  No.  3 


D.  Ra>4 


■Bojtfle  /  OM 


U!N..  V7-/2Z5VI  3/a/90 


3 1  (,190 


Cone.  V/V  II  Test  Units  (i.».,  mg/ml)  nCj/l'Vll 


_  pH  — 

Stock 


Control 


Highest  Cone. 


DAY  1 


DAY  2 

DAY  3 

'h.O 

f-.i 

DAY  4 


DAY  5 


Mo. 


FETAX  CONTROL: 

Mo.  Ossd  or  Malformed 
Total  Murber 


X  100  »  % 


Solvent  Control 


Metabolic  Activation  Control 


Metabolic  Ac  atlon  System 
plus  Solvent  Control 


Cyclophosphamide  Control 
(4.0  mg/mi) 


CO'Metabolic  Activation 
System  plus  Test  Material 


f.4 


MORTALITY 

RECORD 


-9- :  X  100  =  Q  % 


:  40  X  100 »  Q  % 


Q  :  4Q  X  100  » _ % 


— i  MALFORMATION  =«= 
RECORD 


^ :  80  X  100  *  O  % 


0  ;  40  X 100  *  O  » 


A_:  JlL-X  100  2*5  % 


X  100  =  _ % 


.X  100* 


:  40  X  100  =  jOQ  %  _ :  JH 


^  :  40  X  100  =  _2_% 


X  100  * _ .% 


40  X 100 *  jo  % 


MA  Solvent  Control  Length 


7.q<? 


Minimum  Concentration  to  Inhibit  Growth  (MCIG) 


TEST  MATERIAL  RESULTS 


MORTALITY 


TEST 


NOEL 


LOEL 


LC50 


nc?t  done* 


notdflioc. 


1.  ^5' 


95%  Confidence  limits 


MALFORMATION 


STATISTICAL  TEST  USED 


no-fc  dono 


no-t  dene. 


EC50  o.</o 


95%  Confidence  Limits  ^  “*  0'6’5* ) 


TEST  TERATOGENIC  INDEX  (TI  =  LC  50  /EC50  ) 


FETAX  with  METABOLIC  ACTIVATION  (MA) 


_ _ 1 

T«it  Mattrial 

IiWMt<|ater  1 

Soarct 

Lab  1 

1  CAS  No. 

Lot  No. 

Taat  SUrt  Data  1 

1  Conpoiition/Purhy 

Taat  End  Data  1 

1  Sohoot 

Cooc. 

Taat  Units  (l.a.,  ai/al)  | 

—  pH  — 

Stock 

DAY  1 

DAY  2 

DAYS 

DAY  4 

DAYS 

Control 

Highest  Cone. 

Ho.  Oaad  or  Mlforaad 

MORTALITY  — . . 

RECORD 

a-—  MALFORMATION  « 

RECORD 

Total  Nuabar 

X100-  % 

:  X100-  % 

1  SoWent  Control  |  X100«  » 

_ : _ X100» _ % 

1  MatnboUc  Activation  Control 

_ : _ X100« _ 

_ :  X 100 »  % 

8  Metabolic  Activation  System 

8  nius  Solvent  Control 

X  10O  «  % 

- X100»  * 

1  Cyclophosphamide  Control 

1  (4.0  mg/mi) 

X  1CX) »  % 

X  100  «  * 

1  CO-Metaboiic  Activation 

1  System  nIus  Test  Material 

X100-  % 

X100«  % 

1  MA  Solvent  Control  Length  mm 

Minimum  Concentration  to  Inhibit  Growth  (MCIG) 

TEST  MATERIAL  RESULTS 


Appendix  II 

Chemical  Exposuie  Information 


Table  I.  Test  Material  and  Exposure  Data.' 


Chapter  3  -  Axial  Malformations 


Fig# 

1 

Test  Material 

Concentration 

Descriotion  of  Malformations 

acetazolamide 

0.001  mg/ml 

simple  dorsal  curve 

2 

acetazolamide  w/penicillin 
&  streptomycin 

0.12  mg/ml 

moderate  ventral  flexure 

3 

acetazolamide  w/penicillin 
&  streptomycin 

0.12  mg/ml 

lateral  flexure 

4 

semicarbazide 

200  mg/I 

severe  lateral  flexures 

5 

(CRM-2)(aqueous  extract 
of  crude  shale  oil) 

7.5  % 

dorsal  tail  flexure 

6 

shale  crude 

10%  crude  oil 

curved  tails 

7 

captan 

C**,  1.3  mg/I 

wavey  tail 

8 

acetic  acid  hydrazide 

C,  0.06, 12  mg/ml 

severe  wavey  tail 

9 

thiosemicarbazide 

100  mg/I 

scanning  electron  micrograph  of  a  tail  section 

10 

salicylic  acid 

1  mg/ml,  C 

axial  shortening 

Chapter  4  •  Edema 

Fig# 

Test  Material 

Concentration 

Description  of  Malformations 

1 

lithium  carbonate 

40  mg/I 

moderate  blistering 

2 

CRM-4  (electrostatic 
precipitator  tar) 

0.5% 

scanning  electron  micrograph  w/blistering 

3 

meclizine 

C,  5,  25  mg/I 

cardiac  edema 

4 

aminopyrene 

C,  100, 300,  700  mg/I 

abdominal  edema 

5 

none 

control 

mild  optic  edema 

6 

trichloroethylene 

0.001%  v/v 

severe  optic  edema 

7 

shale  oil  crude  extract 

10% 

histological  section  of  head 

8 

none 

control 

anterior  view  w/edema 

9 

methyl  arsenate 

25  mg/I 

severe  generalized  edema 

Chapter  5  -  Eye 

Fig# 

Test  Material 

Concentraton 

Description  of  Malformatiotis 

1 

none 

control 

normal  Stage  46  (96-hr)  eye 

2 

none 

control 

histological  section  of  Stage  46  (96-hr)  eye 

3 

acetazolamide  w/penicillin 
&  streptomycin 

0.15  mg/ml 

reduced  eyes  w/edema 

4 

none 

control 

small  eye  w/normal  eye 

5 

acetazolamide 

0.01  mg/ml 

choroid  fissure  failure 

6 

none 

control 

moderate  failure  of  choroid 

7 

none 

control 

severe  failure  of  choroid 

8 

acetazolamide  w/penicillin 
&  streptomycin 

0.15  mg/ml 

optic  cup  rupture 

9 

6-aminonicotinamide 

0.004  mg/ml 

severe  optic  cup  rupture 

10 

ethylene  thiourea 

range  unknown 

progressive  de-pigmentation 

11 

unknown  groundwater 
sample 

25%  concentration 

eyes  lacking  pigmentation 

12 

none 

control 

irregular  pigmentation 

13 

none 

control 

irregular  pigment  distribution 

14 

methanol 

3.2% 

cross  section  with  incompletely  pigmented  retina 

15 

retinoic  acid 

0.3  pg/ml 

failure  of  pigment  to  deposit 

16 

13-cis  retinoic  acid 

0.04  pg/ml 

two  lenses 

17 

hydroxyurea  with  jelly  coat 

0.9  mg/ml 

oval-shaped  eyes 

18 

aspartame 

8.0  mg/ml 

severely  malformed  eyes 

19 

acetazolamide 

0.5  mg/ml 

eye  displaced  caudad 

20 

none 

control 

narrowing  of  the  eyes 

21 

acetazolamide  w/penicillin 
&  streptomycin 

0.07  mg/ml 

severe  narrowing  of  the  eyes 

22 

13-cis  retinoic  acid 

0.3  ng/ml 

a  true  cyclops 
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Chapter  6  -  Brain 

Fig# 

Test  Material 

Concentration 

Description  of  Malformations 

1 

trypan  blue 

200  mg/I 

reduced  forebrain 

2 

none 

control 

reduced  brain  size 

3 

trans-retinoic  acid 

0.05  mg/I 

failure  of  the  brain  to  develop 

4 

acetazolamide  w/penicillin 
&  streptomycin 

0.07  mg/ml 

expanded  brain  vessicle 

5 

acetazolamide 

0.001  mg/ml 

two-headed  two-tailed  embryo 

6 

acetazolamide 

0.001  mg/ml 

two-headed  two-tailed  embryo 

Chapter  7  •  Face 

EigS 

Test  Material 

Concentration 

Description  of  Malformations 

1 

none 

control 

scanning  electron  micrograph  of  Stage  46  (96-hr) 
tadpole 

2 

ethanol 

2.5% 

scanning  electron  micrograph  of  stunted  face 

3 

none 

control 

face  of  Stage  46  (96-hr)  tadpole 

4 

nickel 

30  mM 

abnormal  nose,  mouth  and  sucker 

5 

pseudoephedrine 

0.03  mg/ml 

round  headed  tadpole 

6 

methotrexate 

0.05  mg/ml 

tadpole  w/prominent  forehead 

7 

trans-retinoic  acid 

0.2  pg/ml 

tadpole  w/sloping  forehead 

8 

methotrexate 

100  mg/ml 

severely  microcephalic 

9 

acetazolamide  w/penicillin 
&  streptomycin 

0.07  mg/ml 

face  w/reduced  head 

Chapter  8  •  Hea-i 

Eigt 

Test  Material 

Concentration 

Description 

1 

none 

control 

drawing 

2 

none 

control 

live  heart 

3 

none 

control 

stained  heart 

4 

acetone 

0.9%  v/v 

formalin-fixed  heart 

5 

coumarin 

C, 0.07, 0.1 4,0.2  mg/ml 

increasing  heart  malformations 

6 

isonlazid 

C,  5.0  mg/ml 

failure  of  heart  to  coil 

7 

Isonlazid 

C,7.5  mg/ml 

poorly  coiled  heart 

8 

none 

control 

displaced  heart 

9 

isonlazid 

2.0  mg/ml 

heart  w/single  vesicle 

10 

isonlazid 

7.5  mg/ml 

straight-tube  heart 

Chapter  9  -  Gut 

Fio# 

Test  Material 

Concentration 

Description 

1 

none 

control 

hourly  control’s  72,  80, 92, 96,  and  100  hours 

2 

coumarin 

C,  0.16,  0.28  mg/mll 

degrees  of  incomplete  gut  coiling 

3 

trans-retinoic  acid 

C,  0.02, 0.2, 0  5  pg/ml 

gut  coiling  vs.  a  toxicant  concentration 

4 

a-solanine 

C,  12, 14, 16  mg/I 

gut  coiling  vs.  a  toxicant  concentration 

5 

methotrexate 

C,50,1 00,200,300, 

400  mg/ml 

gut  coiling  vs.  a  toxicant  concentration 

6 

dimethylbenzopyrine 

1 ,0  mg/I 

complete  lack  of  gut  coiling 

Back  Cover 

Eigfi  leslMalgral  Concentration  Description 


1  a-solanine  7  mg/I  embryo  twinning 


‘This  table  shows  the  test  materia'  and  the  concentration  that  caused  the  malformation  depicted  in  the  Figure. 
“C=control 
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The  Use  of  a  Metabolic  Activation  System  in  FETAX 


Introduction 

A  metabolic  activation  system  (MAS)  is  only 
required  when  FETAX  is  used  to  identify  possible  human 
health  hazards.  The  MAS  is  composed  of  induced  rat  liver 
microsomes  and  an  NADPH  generator  system  which 
simulates  mammalian  metabolism.  Early  Xenopus 
embryos  do  not  produce  significant  amounts  of  cyto¬ 
chrome  P-450  so  the  exogenous  system  is  necessary. 
Previous  experimentation  has  shown  that  S-9  preparations 
do  not  contain  enough  cytochrome  P-450  activity  to  be 
useful  in  FETAX.  Aroclor  1254-induced  microsomes  do 
contain  adequate  activity  for  use  as  long  as  the  protein 
content  is  not  too  high.  Aroclor  1254  is  used  as  a  broad 
spectrum  inducer  and  should  be  used  in  the  majority  of 
situations.  Uninduced  microsomes  are  used  in  those 
cases  where  Aroclor  induction  may  repress  some  of  the 
minor  cytochromes.  Isoniazid-induced  microsomes  are 
used  for  those  test  materials  metabolized  by  cytochrome 
P-450j.  The  nature  of  the  test  material  may  suggest  which 
inducing  system  to  use. 

Several  compromises  are  required  when  MAS  is 
employed.  Sterile  plastic  Petri  dishes  are  used  to  mini¬ 
mize  bacterial  contamination.  These  dishes  hold  only  8  ml 
instead  of  the  10  ml  contained  in  the  glass  dishes. 
Antibiotics  are  also  required  to  inhibit  bacterial  growth  and 
these  may  interact  with  the  test  substance.  Microsomal 
protein  can  slow  growth  and  development  at  concentra¬ 
tions  greater  than  100  pg/ml.  NADPH  which  is  required 
for  microsomal  activity  can  also  cause  abnormal  develop¬ 
ment  and  its  concentration  must  be  kept  low.  Despite 
these  drawbacks,  the  MAS  can  improve  the  predictive 
accuracy  of  FETAX  and  provide  repeatable  and  reliable 
data. 

Each  lot  of  microsomes  is  different.  Thus,  the 
cytochrome  P-450  activity  must  be  measured  and  a 
standard  amount  added  to  each  dish.  Controls  are 
important  in  these  experiments.  It  is  important  to  perform 
a  MAS-only  (microsomes  and  generator  system  but  no 
test  material)  negative  control  as  well  as  a  positive  control 
for  bioactivation.  The  bioactivation  positive  control  is  4 
mg/ml  cyclophosphamide  (Sigma  Catalog  #  C  0768)  with 
and  without  MAS.  With  MAS,  the  cyclophosphamide 
should  kill  100%  of  the  embryos  in  96  hr  while  there 
should  be  no  deaths  without  MAS.  A  final  control  is 
needed  to  demonstrate  that  the  cytochrome  P-450  system 
is  responsible  for  the  observed  bioactivation.  For  this 
control,  a  small  amount  of  dithionite  (Sigma  Catalog  #  S 
1256)  is  added  to  dishes  containing  MAS  and  a  concentra¬ 
tion  of  test  material  that  results  in  significant  mortality  or 
malformation  upon  bioactivation.  After  the  mixture  is 
gassed  with  carbon  monoxide  for  three  minutes,  the 
cytochrome  P-450  should  be  inactivated  and  the  mortality 
and  malformation  rates  should  be  as  if  no  microsomes 
were  present.  The  following  references  provide  additional 
information  on  the  use  of  MAS  with  FETAX. 


Reagents  Needed  for  Rat  Liver 
Microsome  Preparation 

Buffers 

1 .  0.05  M  Trls-HCI  (Sigma  Catalog  #  T  41 28) : 

Add  1 .97  g  of  Tris-HCI  to  250  ml  of  ASTM  Type  I 
water  (ASTM  standard  D1193,  Specification  for 
Reagent  Grade  Water,  Annual  Book  of  ASTM  Stan¬ 
dards  Vol.  1 1 .01).  Adjust  pH  to  7.5.  Store  at  4  ®C. 

2.  1.12%  w/v  KCI  in  0.05  M  Tris-HCI:  Add  3.94  g  of 
Tris-HCi  and  5.6  g  of  KCi  to  500  mi  of  Type  i  water. 
Adjust  pH  to  7.5.  Store  at  4  "C. 

3.  1.15%  w/v  KCi  in  0.02  M  Tris-HCi  with  0.5%  w/v 
bovine  serum  aibumin  (BSA;  Sigma  Cataiog  #  A 
9647):  Add  1 .57  g  of  Tris-HCI,  5.75  g  KCI,  and  2.5  g 
BSA  to  500  ml  of  Type  I  water.  Adjust  pH  to  7.5. 

Store  at  4  °C. 

Microsomai  P-450  Preparation  from  Rat 
Liver 

Animal  Treatment 

Male  Sprague-Dawley  rats  (200-250  g)  are  used. 

For  Aroclor  1254-induced  microsomes,  give  an  intraperi- 
toneal  injection  of  500  mg/kg  body  weight.  Allow  five  days 
for  full  induction.  The  Aroclor  1 254  stock  solution  should 
be  prepared  in  corn  oil  (500  mg/ml).  For  isoniazid 
induction  use  0.1%  w/v  isoniazid  (Sigma  Catalog  #  I  3377) 
for  ten  consecutive  days  administered  in  the  drinking 
water. 

Preparation: 

NOTE:  Keep  all  buffers  at  4  °C. 

1 .  Kill  the  rat  by  cervical  dislocation. 

2.  Begin  perfusion  of  the  liver  via  the  hepatic  portal  vein 
with  Buffer  2.  Perfuse  until  well  blanched  (approxi¬ 
mately  50  ml). 

3.  Excise  liver  and  homogenize  in  seven  volumes  of 
Buffer  3  using  a  Potter-Elvehjem  (P/E)  homogenizer. 

4.  Centrifuge  first  at  900  x  g  for  10  min  then  increase 
speed  to  9000  x  g  for  15  min. 

5.  Remove  S-9  supernatant  to  another  tube  and 
centrifuge  the  S-9  supernatant  at  105,000  x  g  for  1  hr. 

6.  Discard  supernatant  and  resuspend  pellet  in  Buffer  2. 

7.  Centrifuge  again  at  105,000  x  g  for  an  additional  hr. 
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8.  Resuspend  microsomal  pellet  in  20-30  ml  of  Buffer  1 
(depending  on  number  of  rats).  Homogenize  again 
with  two  to  three  strokes  using  a  P/E  or  Bounce  ho- 
mogenizer. 

9.  Aliquot  samples  into  1 .5  ml  microcentrifuge  tubes  or 
cryovials,  and  snap  freeze  in  liquid  nitrogen.  Measure 
protein  (Bio-Rad  kit;  Bradford,  M.,  Analytical  Biochem¬ 
istry  72: 248, 1976)  and  N-demethylase  activity  (see 
below)  prior  to  use. 

Metabolic  Activation  Generator  System 
for  FETAX 

The  following  components  can  be  added  individually  to 
the  Petri  dish  or  as  a  combined  generator  stock  solution 
(see  below).  For  routine  work,  use  the  combined  generator 
stock. 

1 .  Glucose-6-Phosphate  -  FW  =  298.2  g/mole  (Sigma 
Catalog  #  G  5137).  1  g  is  dissolved  in  4  ml  of  FETAX 
solution  yielding  a  838.4  mM  solution.  34  pi  of  this 
solution  in  a  total  of  volume  of  8  ml  per  dish  results  in 
a  final  concentration  of  3.6  mM. 

2.  Glucose-6-Phosphate  Dehydrogenase  (Sigma 
Catalog  #  G  7878).  250  U  are  dissolved  in  2.5  ml 
FETAX  solution.  When  25  pi  are  added  to  a  total 
volume  of  8  ml  per  dish  the  resulting  concentration  is 
0.31  U/ml. 

3.  Nicotinamide  Adenine  Dinucleotide  (NADP)  -  FW  = 
765.4  g/mole  (Sigma  Catalog  #  N  0505).  0.15  g  is 
dissolved  in  5  ml  of  FETAX  solution.  This  results  in  a 
39.2  mM  solution.  When  22  pi  is  added  to  a  total 
volume  of  8  ml,  the  final  concentration  is  0.1  mM. 

4.  Reduced  Nicotinamide  Adenine  Dinucleotide 
(NADPH)  -  FW  =  743.4  g/mole  (Sigma  Catalog  #  N 
1630).  5  mg  is  dissolved  in  2.5  ml  of  FETAX  solution 
resulting  in  a  2.7  mM  solution.  If  21  pi  is  diluted  to  a 
total  volume  of  8  ml,  the  final  concentration  will  be 
7pM. 

5.  Combined  Generator  Stock  Preparation  (for  50 
dishes).  To  make  up  the  generator  solution,  add  1.85 
g  of  glucose-6-phosphate,  132  mg  NADP,  8.4  mg 
NADPH  to  16.8  ml  of  FETAX.  This  will  be  enough  to 
supply  50  dishes.  Glucose-6-phosphate  dehydro¬ 
genase  is  added  separately.  Add  77  pi  of  the  genera¬ 
tor  stock  preparation  to  each  dish.  Store  generator 
at  -20  “C. 


Antibiotics: 

The  number  of  units/mg  varies  with  each  lot  of 
antibiotic.  Make  up  a  stock  soiution  of  10,000  U/ml 
penicillin  G  (Sigma  Catalog  #  PEN-NA)  and  1 0,000  U/ml 
streptomycin  sulfate  (Sigma  Catalog  #  S  6501)  in  FETAX 
solution.  The  dilution  factor  is  100  and  80  pi  should  be 
added  to  each  dish  of  8  ml  total  to  give  a  final  concentra¬ 
tion  of  1 00  U/mi  of  each  antibiotic.  Store  at  4  ®C. 

N-Demethyiase  Determination  by  a 
Modified  Procedure  from  Nash  (1955) 
and  Lucier  et  al.  (1971). 

Background: 

Aminopyrine  is  used  as  a  substrate  when  determining 
the  P-450  activity  of  Arocior  1 254-Induced  microsomes 
while  N-dimethyInitrosamine  is  used  for  isoniazid-induced 
microsomes.  Aminopyrine  is  converted  into  aminoanti- 
pyrine  and  formaldehyde.  DimethyInitrosamine  is  metabo¬ 
lized  into  monomethyinitrosamine  and  formaldehyde.  By 
using  a  colorimetric  assay  using  acetyl  acetone  in  the 
presence  of  acetic  acid  and  ammonium  ion  analyzed  at 
412  nm,  the  amount  of  formaldehyde  produced  can  be 
determined. 

Reagents  and  Stock  Solutions  for  Nash  Assay 

1 .  Nash  Reagent  •  22.5  g  of  ammonium  acetate  (Sigma 
Cataiog  #  A  7262;  FW  77.08;  6  M  finai  concentration), 
0.3  ml  acetylacetone  (Sigma  Catalog  #  A  351 1 ;  MW 
100.1 ;  60  mM  final  concentration)  and  0.75  ml  acetic 
acid  (Sigma  Catalog  #  A  6283;  FW  60.05;  0.15  M  final 
concentration)  in  50  ml  distilled  water,  pH  to  6.7. 

Store  at  4  "C. 

2.  840  mM  Glucose-6-Phosphate  (FW  298.2)  -  250.5 
mg  in  1  ml  of  Buffer  1 .  Store  at  -20  “C. 

3.  2.5  mM  NADPH  (FW  833.4)  •  2.08  mg  in  1  ml  of 
Buffer  1 .  Store  at  -20  'C. 

4.  235  mM  MgCI^  (FW  203.31 )  -  4.78  g  in  1 00  ml  of 
Buffer  1.  Store  at  4  °C. 

5a.  For  Aroclor-induced  microsomes: 

10  mM  aminopyrine  (Sigma  Catalog  #  D  8015)(FW 
231 .3)  -  23.13  mg  in  10  ml  of  Buffer  1 .  Store  at  4  °C. 

5b.  For  Isoniazid-induced  microsomes: 

10  mM  dimethyinitrosamine  (DMNA)  (Sigma  Catalog 
#  N  3632)(FW  74.08)  - 

1 .  To  a  1  g  Sigma  Isopak  add  50  ml  of  Buffer  1 
(270  mM  final  concentration). 

2.  0.371  ml  of  270  mM  DMNA  is  then  added  to  1 0 
ml  of  Buffer  1  (10  mM  final  concentration). 

Store  at  4  °C. 


6.  1 0%  w/v  trichloroacetic  acid  (TCA)(Sigma  Catalog  #  T 
6399)  - 10  mg  in  100  ml  of  Buffer  1 .  Store  at  room 
temperature. 
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Procedure: 

1 .  Prepare  microsomes  as  previously  described. 

2.  Each  3  ml  sample  contains  the  following: 

a.  5  mM  Glucose-6-phosphate  - 1 8  pi  of  840  mM 
(Glucose-6-Phosphate) 

b.  0.4  mM  NADPH  -  480  pi  of  2.5  mM  (NADPH) 

c.  20  mM  MgClj  -  255  pi  of  235  mM  (MgCy 

d1.  For  Aroclor-induced  microsomes: 

8  mM  Aminopyrine  -  540  pi  of  10  mM  (Amino- 
pyrine) 

d2.  For  Isoniazid-induced  microsomes: 

1 .8  mM  Dimethyinitrosamine  -  540  pi  of  10  mM 
(DMNA) 

e.  2  Units  Glucose-6-Phosphate  dehydrogenase. 
Use  single  unit  assay  vials  (Sigma  Catalog  #  G 
1 256)  and  dilute  the  enzyme  with  0.5  ml  per  vial 
of  Buffer  1 .  Add  1  ml  total  to  the  3  ml  sample. 

f.  1 00  pi  of  microsomal  sample. 

g.  Adjust  volume  to  3.0  ml  with  Buffer  1 .  (For  the 
additions  above,  607  pi  should  be  added.). 

CAUTION:  Add  enzyme  and  microsomal  sample  last. 

A  blank  sample  must  be  performed,  (100  pi  of  Buffer  1) 

3.  Incubate  mixture  at  37  “C  for  1 0  min. 

4.  Remove  1  ml  of  the  incubation  mixture  and  add 

1 .5  ml  of  10%  w/v  trichloroacetic  acid  (TCA)  to  this 
aliquot.  (The  sample  can  be  split  into  two  replicates 
at  this  time.) 

5.  Centrifuge  sample  at  1 2,000  x  g  for  20  min.,  room 
temperature. 

6.  Remove  2  ml  of  the  clear  supernatant  and  place  in  a 
capped  tube. 


Absorbance  calculation: 

A  =  (absorbance  of  sample  -  absorbance  of  blank) 

3.75  =  dilution  factor. 

0.00795/(cm  X  pM)  =  extinction  coefficient 
10  min  is  the  length  of  time  of  the  assay. 

0.1  is  the  ml  of  microsomal  sample  used  in  the  assay. 

A  X  (3.75/0.00795)  x  1/10  min  x  1/0.1  ml  microsomal 
sample  =  pM  formaldehyde  per  min  per  ml. 

Final  units  are  pM  formaldehyde  per  min  per  ml  of  micro¬ 
somes. 

Dividing  by  the  protein  concentration  yields  the  pM 
formaldehyde  per  minute  per  mg  microsomal  protein. 

1  pM  formaldehyde/min  is  an  APD  unit.  We  generally  add 
0.4  APD  Units  per  ml.  The  activity  must  be  >  6.67  APD 
Units  per  mg  protein. 

Standard  Curve  (If  you  do  not  wish  to  use  the  extinction 
coefficient  you  may  use  the  standard  curve) 

0.1  mg/ml  formaldehyde  stock 

0.5  pg/ml  -  0.015  ml  stock  and  1 .985  ml  buffer  1 

1 .0  pg/ml  -  0.03  ml  stock  and  1 .97  ml  buffer  1 

5.0  pg/ml  -  0.15  ml  stock  and  1.85  ml  buffer  1 

1 0.0  pg/ml  -  0.30  mi  stock  and  1 .7  ml  buffer  1 

50.0  pg/ml  - 1 .5  ml  stock  and  0.5  ml  buffer  1 

Calculations: 

Regression  analysis  is  used  to  determine  the  concen¬ 
tration  of  formaldehyde.  In  order  to  determine  the  formal¬ 
dehyde  concentration  in  3  mi  of  incubation  media  multiply 
the  regression  analysis  value  by  3.75.  This  is  the  amount 
of  formaldehyde  created  by  0.1  ml  of  protein.  Divide  this 
result  by  10  min  and  the  protein  concentration  to  obtain  the 
pg  of  formaldehyde/minute/mg  protein. 


7.  Add  1  ml  of  the  Nash  reagent  and  incubate  in  the 
water  bath  for  10  min  at  60  °C. 

8.  Measure  Absorbance  at  412  nm.  Formaldehyde  has 
an  extinction  coefficient  of  7950/(cm  x  M). 
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Summary  of  Metabolic  Activation  System 
Components  added  to  Each  Petri  Dish 


2.Test  Material 

Concentration  varies  with 
material.  Make  stock  solution 
using  FETAX  solution  as  the 
diluent. 


1. Calculate  and  add  the  volume 
of  FETAX  solution  required  for  a 
final  volume  of  8  ml  after  all 
other  components  have  been 
added. 


S.Antibiotics 

Penicillin  100  U/ml 
Streptomycin  Sulfate  100  U/ml 
Use  80  pi  of  stock. 


6.Rat  Liver  microsomes 

4.  Generator  System 

0.4  U/ml  activity,  but  not  more 

Glucose-6-phosphate  3.5  mM 

than  60  pg/ml  protien.  Usually 

NADPO.IOmM 

between  70-110  pi  of 

NADPH  7  pM 

microsomes. 

Use  77  pi  of  stock. 

5.  Enzyme 

Glucose-6-phosphate 
dehydrogenase  0.31  U/ml 
Use  25  pi  of  stock. 


A  sterile  60x15  mm  plastic  Petri  dish  is  used.  There  are  a  total  of  8  mis  in  each  dish.  The  diluent  is  FETAX 
solution  and  the  concentrations  in  boldface  are  the  final  concentrations  for  each  component.  The  number  on 
each  box  indicates  the  order  of  addition. 
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other  Procedures 


Staining  Xenopus  laevis  Embryos. 

At  limes,  it  might  be  desirable  to  observe  surface  structures 
of  embryos.  This  is  especially  true  in  training  situations 
when  a  new  technician  is  attempting  to  stage  96-hr  larvae 
or  to  view  facial  malformations.  The  following  technique 
uses  crystal  violet  and  acid  decotorization  to  stain  selec¬ 
tively  certain  denser  structures  such  as  the  brain,  carti¬ 
lage,  and  the  hind  limb  bud.  It  also  highlights  surface 
structures  such  as  the  external  nares,  tail  fin,  and  mouth. 
Once  observed  with  the  stain,  these  structures  are  much 
more  easily  identified  in  the  unstained  organism  (See 
Chapter  8,  Figure  3). 

Modified  Gram’s  Stain  for  96-hr  Embryos 

Note:  Embryos  should  have  been  in  3%  formalin  for  at 
least  24  hr.  Freshly  killed  and  fixed  embryos  will  not  stain 
the  same  way. 

CAUTION:  Do  not  allow  embryos  to  dry  out  during  solution 
changes. 

1 )  Remove  embryos  from  formalin. 

2)  Wash  embryos  twice  with  FETAX  solution. 

3)  Place  embryos  in  a  60  mm  Petri  dish  with  1 0  ml 
FETAX  solution. 

4)  Add  3  drops  Mucker's  crystal  violet. 

5)  Wait  30  seconds. 

6)  Drain  Mucker’s  crystal  violet/FETAX  solution  from 
embryos. 

7)  Rinse  with  FETAX  solution  until  solution  remains 
clear. 

8)  Drain  completely. 

9)  Use  just  enough  dilute  acid  alcohol  to  cover  embryos. 

10)  Wait  2  to  10  seconds  depending  on  decolorization 
desired. 

11)  Add  10  ml  of  FETAX  solution  while  swirling  to  further 
dilute  the  acid  alcohol  and  arrest  decolorization. 

12)  Immediately  drain  completely. 

13)  Rinse  twice  with  FETAX  solution. 

14)  Replace  FETAX  solution  with  3%  formalin. 

Note:  The  color  will  change  slightly  after  the  addition 
of  formalin,  and  will  eventually  fade  away  completely,  but 
should  be  visible  for  several  weeks. 

Mucker’s  Crystal  Violet: 

Mix  equal  volumes  of  Solution  A  and  Solution  B: 

Solution  A: 

2  g  Crystal  Violet  (90%  dye  content) 

20  ml  95%  Ethyl  Alcohol 
Solution  B: 

0.8  g  Ammonium  Oxalate 
80  ml  Distilled  Water 

Dilute  Acid  Aicohol: 

5%  v/v  of  Acid  Alcohol  in  FETAX  solution  (5  ml  Acid 
Alcohol  +  95  ml  FETAX  solution  =100  ml  of  Dilute  Acid 
Alcohol) 

Acid  Alcohol: 

3%  v/v  of  concentrated  MCI  in  95%  Ethyl  Alcohol  I  +  95  ml 
FETAX  solution  =  100  ml  of  Acid  Alcohol) 


Observation  of  Live 
Xenopus  laevis  Embryos. 

MS-222  (Sigma  Catalog  #  A  5040)  can  be  success¬ 
fully  used  to  immobilize  and  observe  live  embryos  for 
staging,  heart  abnormalities,  and  other  defects  by  the 
addition  of  approximately  0.02  mg  of  MS-222  per  10  ml  of 
FETAX  solution.  The  powder  should  be  added  directly  to  a 
60  mm  Petri  dish  containing  embryos  in  10  ml  of  FETAX 
solution.  Migher  concentrations  will  kill  the  embryos.  After 
10-15  seconds,  the  embryos  will  be  motionless  and  can  be 
rotated  onto  their  backs  for  ventral  examination,  or  rotated 
onto  their  sides  for  staging  by  the  observation  of  the  hind 
limb  bud.  After  observation,  the  embryos  can  be  revived 
by  placement  in  fresh  FETAX  solution  or  they  can  be 
formalin-fixed. 

Pieparation  of  Xenopus  laevis  96-hr 
Embryos  for  Scanning  Electron 
Mjcroscopy(SEM). 

The  following  procedure  is  a  standard  method  for 
SEM  preparation  of  biological  specimens. 

1 .  Fix  96-hr  embryo  with  1 .6%  gluteraldehyde  for 
two  hours. 

2.  Wash  with  phosphate  buffer  three  times. 

3.  Post-fix  tissue  in  2%  OsO^  for  two  hours. 

4.  Dehydrate  in  ethanol,  6  washes  from  50%  to 
100%  ethanol. 

5.  Dry  using  Critical  Point  Dryer  (CPD)(place  on 
stub). 

6.  Put  in  desiccator  overnight. 

7.  Au-Pd  sputter  coat  just  before  viewing. 

8.  Store  in  dust-free,  dry  area,  such  as  a  desiccator. 

Step  3  may  not  be  necessary,  but  helps  to  harden 
the  tissue.  Special  attention  should  be  paid  to  the  dehydra¬ 
tion  and  CPD  steps.  Any  water  in  the  sample  during  CPD 
wiil  shrivel  the  embryos  and  make  them  unusable.  Mow- 
ever,  shriveled  embryos  will  usually  show  the  cilia  that 
cover  the  embryo,  particularly  in  the  nasal  area,  in  good 
condition. 

An  alternative  to  CPD  is  freeze  drying.  The  fixation 
wash  is  as  above  except  in  step  4,  transfer  the  tissue  into 
distiilr’d  water,  wash  three  times  and  then  freeze  in  liquid 
nitrogen.  Place  in  a  freeze  dryer  and  when  dry,  place  on 
stub  and  continue  at  step  6  above.  Freeze  drying  does  not 
shrivel  the  embyros  as  much  as  CPD.  Mowever  mechani¬ 
cal  damage  may  be  a  problem.  The  cilia  are  not  as  visible 
as  with  CPD. 

The  method  of  preference  is  CPD,  which  seems  to 
give  the  best  representation  of  the  true  embryo  appearance 
as  with  CPD. 


Reference: 
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ANYTHING  IS  POSSIBLE! 


This  two-headed  embryo  is  probably  the 
most  unusual  embryo  produced  in  FETAX 
testing  to  date.  It  is  possible  that  two 
embryonic  axes  were  established  very  early  in 
development  by  the  action  of  the  test  material. 
This  action  could  have  been  similar  to  early 


experimental  embryology  experiments  where  a 
second  dorsal  blastopore  lip  was  grafted  180 
degrees  apart  from  the  normal  dorsal  lip. 
Essentially,  two  embryos  develop  in  opposite 
directions  (photo  b^  Hull). 


Evaluation  of  the  Developmental  Toxicity  of  Five 
Compounds  with  the  Frog  Embryo  Teratt^enesis 
Assay:  Xenopm  (FETAX)  and  a  Metabolic 
Activation  System 


Douglas  J.  Fort,  Brenda  L.  James  and  John  A.  Bantlet 

Department  of  Zoology,  430  Life  Sciences  West,  Oklahoma  State  University,  Stillwater.  OK  74078,  USA 

Key  words:  FETAX;  developmental  toxicity;  2-acetyl  aminofluorene;  rifampicin;  benzo[a]pyrene;  zinc;  cytochalasin  D. 

The  potential  teratogenic  haiard  of  five  compounds  was  evaluated  using  the  Frog  Embryo  Teratogenesis 
Assay— Xienopus  (FETAX)  and  a  metabolic  novation  system.  Embryos  of  the  South  African  clawed  frog, 
Xeaopus  laevb,  were  exposed  to  (i)  three  compounds  suspected  to  be  proteratogenic  in  mammalian  test 
systems— {2-acetylaminofiuorene  (2-AAF),  rifampicin  (RA)  and  benzo(a]pyrene  (BP)]  for  96  h;  (ii)  one 
compound  unaffected  by  mixed-functional  oxidase  (MFO)  metabolism — ZnS04;  (iii)  one  compound  thought  to 
be  inactivated  by  cytochrome  P-4S0— cytochalasin  D  (CD).  Two  separate  static  renewal  tests  were  conducted 
with  and  without  the  presence  of  an  exogenous  metabolic  activation  system  (MAS).  The  metabolic  activation 
system  consisted  of  Aroclor  1254-induced  rat  liver  microsomes.  The  teratogenic  potential  of  each  compound 
and  the  effects  of  metabolic  activation  were  based  on  teratogenic  indices  [r/=96  h  lcso/96  h  eCm  (malformation)), 
types  and  severity  of  malformation,  and  effects  on  embryo  growth.  Metabolic  activation  increased  the  potential 
teratogenic  hazard  of  2-AAF,  RA  and  BP  by  77  factors  of  1.3,  2.8  and  6.8,  respectively.  The  teratogenic 
potential  of  ZnS04  was  virtually  unaffected  by  the  MAS.  The  MAS  significantly  reduced  the  teratogenic 
potential  of  CD  by  a  77  factor  of  2.7.  These  results  demonstrate  the  utility  and  importance  of  a  MAS  for  In 
vitro  developmental  toxicity  screens  sucit  as  FETAX.  Consistent  use  of  a  MAS  with  FETAX  should  reduce 
the  number  of  potential  false-positive  and  false-negative  test  results. 


INTRODUCTION 


Increasing  demands  for  developmental  toxicity  screen¬ 
ing  necessitate  the  development,  validation  and  use 
of  alternative  screening  systems  to  the  traditional 
mammalian  test  systems.*  In  vitro  teratogenesis  screen¬ 
ing  systems  may  provide  a  rapid,  cost-effective  method 
of  determining  compounds  and  complex  mixtures  that 
may  be  potential  teratogenic  hazards.  A  fundamental 
problem  shared  by  many  in  vitro  developmental  toxicity 
screening  systems  is  the  inability  to  metabolize  xeno- 
biotics.’  This  presents  a  major  obstacle  in  the  detection 
of  proteratogens,  as  well  as  teratogens  inactivated  by 
the_mixed-fuiKtional  oxidase  (MFO)  system. 

The  Frog  Embryo  Teratogenesis  Assay — Xenopus 
(FETAX)  is  a  96-h  static  renewal  bioassay  designed 
to  screen  potential  developmental  toxicants. Since 
Xenopus  embryos  lack  many  metabolic  enzyme  systems 
through  the  first  96  h  of  development,  an  exogenous 
metabolic  activation  system  (MAS)  was  developed 
for  FETAX  using  Aroclor  1254-induced  rat  liver 
microsomes  and  the  proteratogen  cyclophosphamide 
(C?).*  Recently,  the  developmental  toxicity  of  nicotine 
nd  a  primary  metabolite  cotinine  on  Xenopus  embryos 
as  evaluated  using  this  MAS.^  Bioactivation  greatly 
reduced  the  teratogenicity  and  growth  inhibiting  effects 
of  nicotine.  This  report  describes  the  evaluation  of  the 

t  Author  to  whom  correspondence  should  be  addressed. 
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developmental  toxicity  of  three  compounds  suspected 
to  be  proteratogenic — ^2-acetylaminofluorene  (2-AAF), 
rifampicin  (RA)  and  benzo[a]pyrene  (BP) — one  com¬ 
pound  unaffected  by  MFO  metabolism — ZnS04 — and 
one  compound  believed  to  be  metabolically  inactivated 
by  the  MFO  system — cytochalasin  D  (CD).  The  results 
demonstrate  the  importance  of  a  successful  MAS 
for  in  vitro  teratogenesis  screening  systems  such  as 
FETAX,  as  well  as  the  utility  of  these  systems  in 
evaluating  the  role  that  MFO  metabolism  plays  in 
teratogenesis. 


EXPERIMENTAL 


Chemicals  and  biochemicais 

All  chemicals  used  in  the  rat  liver  microsome  prep¬ 
aration.  test  compounds  and  dimethylsulfoxide 
(DMSO)  were  purchased  from  Sigma  (St.  Louis.  MO). 
Aroclor  1254  was  obtained  from  Monsanto  Corporation 
(St.  Louis.  MO). 

Microsome  preparation 

Aroclor  1254-induced  rat  liver  microsomes  were  pre¬ 
pared  as  described  previously.'*  Adult  male  Sprague- 
Dawley  rats  (200-300  g)  were  injected  with  500  mg 
kg'*  Aroclor  1254  in  corn  oil  for  five  days  prior  to 
microsome  preparation.'’  Following  cervical  dislo- 
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cation,  the  liver  was  exposed  and  perfused  with  50  ml 
of  0.02  M  Tris-HCl  buffer  containing  1.15%  KCl  (pH 
7.5).  The  liver  was  homogenized  in  1.15%  KCl-0.02 
M  Tris-HCl  buffer  containing  0.5%  bovine  serum 
albumin  (pH  7.5).  The  homogenate  was  then  centri¬ 
fuged  successively  at  600,  9000  and  102  000  g  ave, 
resuspended  and  pelleted  again.  The  final  washed 
microsomal  pellet  was  suspended  in  0.05  M  Tris-HCl 
(pH  7.5),  put  into  1.5-ml  aliquots  and  immediately 
frozen  in  liquid  nitrogen.’  Protein  content  was  deter¬ 
mined  by  the  method  of  Bradford.**  Cytochrome  P-450 
(P-450)  activity  was  inferred  by  the  measurement  of 
formaldehyde  generated  from  tlte  ^V-demethylation  of 
aminopyrine  (APD)**  under  standard  assay  conditions 
established  previously."'  Several  aliquots  of  micro- 
somes  were  chemically  reduced  with  dithionite  and 
pretreated  with  carbon  monoxide  (CO-MAS)  to  select¬ 
ively  inactivate  P450  activity." 

Animal  care  and  breeding 

Xenopus  adult  care,  breeding  and  embryo  collection 
were  performed  according  to  Courchesne  and  Bantle.” 

Assay  procedure 

Initial  tests  were  conducted  to  determine  the  maximum 
amount  of  DMSO  that  could  be  used  as  diluent  and 
the  effect  that  it  had  on  P-450  activity.  For  unactivated 
tests,  groups  of  20  embryos  were  placed  in  60-mm 
covered  plastic  Petri  dishes  with  varying  concentrations 
of  the  appropriate  test  compound.  2-AAF.  RA.  BP 
and  CD  stock  solutions  were  prepared  by  dissolving 
in  1%  (v/v)  DMSO  diluted  in  reTAX  solution — a 
reconstituted  water  medium  appropriate  for  the  cultur¬ 
ing  of  Xenopus  embros.'^  ZnS04  was  dissolved  in 
appropriate  volumes  of  FETAX  solution.  For  each 
compound.  8-13  concentrations  were  tested  with  repli¬ 
cates.  Four  separate  dishes  of  20  embryos  were  exposed 
to  FETAX  solution  (designated  FETAX  solution 
controls).  Forty  embryos.  20  per  dish,  were  exposed 
to  1%  DMSO  in  FETAX  solution  and  served  as  solvent 
controls.  Each  treatment  contained  a  total  of  8  ml  of 
solution. 

Stock  Zn  concentrations  were  determined  by  atomic 
absorption  analysis.  To  facilitate  the  comparison  of 
tests  within  this  study  and  previous  work  with  Zn.''* 
the  concentration  of  each  test  dilution  was  normalized 
to  100  Jig  ml“‘  hardness  (as  CaCOi).''  '*’ 

The  metabolically  activated  tests  were  also  conducted 
in  duplicate  with  20  embryos  per  dish.  Stock  solutions 
were  prepared  as  described  for  the  unactivated  tests. 
Each  activated  treatment  received  0.04  U  APD  activity 
(units  expressed  as  |jlM  formaldehyde  min*'),  an 
NADPH  generating  system  and  100  U  ml"' 
penicillin-100  u-g  ml"'  streptomycin..  The  NADPH 
generating  system  consisted  of  3.5  mM  glucose-6- 
phosphate.  0.31  lU  ml"'  glucose-6-phosphate 
dehydrogenase.  0.1  mM  NADP  and  7.0  jiM  NADPH. 
Each  dish  received  no  more  than  0.06  mg  ml"' 
microsomal  protein. ■*  Controls  for  FETAX  solution. 
DMSO.  MAS.  DMSO  +  MAS.  CP  (FETAX  reference 
proteratogen).''  CO-MAS  +  toxicant  ( negative  control) 
and  unactivated  toxicant  were  also  run  with  each  test. 


For  each  compound,  one  range-hnder  and  two 
separate  definitive  tests  were  conducted  with  and 
without  the  MAS.  The  pH  of  all  stock  solutions 
was  maintained  between  7.0  and  7.5.  Embryos  we:: 
cultured  at  23®C  throughout  the  test.  All  solutions— 
were  removed  every  24  h  of  the  4-day  test  and  fresh 
solutions  were  added.  Dead  embryos  were  removed  at 
this  time.  After  96  h  of  exposure,  surviving  embryos 
were  fixed  in  0.7%  formalin  (pH  7.0).  The  number  of 
live  malformed  embryos  and  the  stage  of  development*’ 
were  determined  using  a  dissecting  microscope. 

Data  analysis 

Litchfield-Wilcoxon  probit  analysis  was  used  to  ascer¬ 
tain  the  96-h  LC50  (the  median  lethal  concentration) 
and  the  96-h  eCso  (the  concentration  inducing  gross 
terata  in  50%  of  the  surviving  embryos)."*  Tlie  95% 
confidence  limits  were  calculated  as  well.  A  Teratogenic 
Index  (TI),  which  has  proved  useful  in  assessing 
teratogenic  hazards.^*  '^-"’  was  determined  by  dividing 
the  96-h  LC50  by  the  96-h  eCsd  (malformation).  Head-tail 
length  (growth)  was  measured  using  a  Radio  Shack 
digitizer  and  a  model  16  microcomputer.  ^ 


RESULTS 


Control  experiments 

Preliminary  tests  indicated  that  upon  exposure  t 
1%  (v/v)  DMSO.  microsomal  APD  activity  wa. 
0.05  U  mg"'  protein  ±  0.01  (n=6),  which  was  not 
significantly  different  from  FETAX  solution  controls, 
0.05  U  mg"‘  protein  ±  0.03  (n=6)  (grouped  /-test. 
P=0.05).  The  lowest  observable  effect  concentration 
(LOEC)  (Dunnett’s  test,  P=0.05)  and  the  minimum 
concentration  to  inhibit  growth  (MCIG)  (grouped 
/-test.  P<0.05)  for  the  embryos  exposed  to  DMSO  for 
96  h  were  1.4  and  1.2%  (v/v).  respectively. 

In  all  tests  conducted,  FETAX  solution  control 
embryo  mortality  and  malformation  rates  were  <6%. 
Mortality  and  malformation  rates  in  the  MAS  and 
DMSO  controls  were  below  6  and  7%,  respectively. 
Mortality  and  malformation  rates  in  control  embryos 
exposed  to  the  MAS  and  DMSO  simultaneously  were 
15%  or  less.  At  least  90%  of  the  embryos  exposed  to 
4.0  mg  ml"'  activated  CP  died  before  96  h.  Survivors 
were  severely  malformed.  Control  embryos  exposed 
to  4.0  mg  ml"'  unactivated  CP  exhibited  malformation 
and  monality  rates  less  than  or  equal  to  15%. 

2-Acetylaminofluorene 

Results  from  tests  with  2-AAF  are  presented  in  Table 
1.  The  mean  unactivated  96-h  lc-k,  was  88.5  jig  ml"'. 
The  mean  96-h  EC5,,  (malformation)  was  7.2  jig  ml"', 
yielding  a  TI  of  12.4.  Metabolic  activation  reduced  the 
96-h  LC5,,  at  least  1.9-fold,  to  ca.  42.5  (xg  ml"' 
Activation  reduced  the  96-h  EC5,,  (malformation)  tv. 
approximately  2.6  jig  ml"'  (2.7-fold).  The  average  TI 
value  was  16.7.  Malformations  induced  by  unactivated 
2-AAF  included  improper  gut  coiling  and  pericardial 


Table  1.  Effect  of  2>acetylaininoAuorene  on  Xeaopus  embryo  development 


Treatment  Unactivated  Activated 


( 

n#' 

Trial  1 

Trial  2 

Trial  1 

Trial  2 

FETAX  solution  control* 

* 

Mortality 

5.0 

0 

1.3 

0 

Malformation 

3.5 

2.5 

2.5 

5.0 

MAS"*  control* 

i 

Mortality 

- 

- 

5.0 

0 

Maiformation 

- 

- 

3.4 

5.0 

1%  (v/v)  DMSO  controi* 

Mortality 

ZS 

0 

0 

0 

Maiformation 

5.1 

5.0 

5.0 

5.0 

■ 

MAS  +  1%  (v/v)  DMSO* 

Mortality 

- 

- 

7.5 

0 

Malformation 

- 

- 

15.0 

12.5 

4.0  mg  ml"’  CP** 

Mortality 

0 

0 

100.0 

100.0 

Malformation 

20.0 

10.0 

- 

- 

— 

CO-MAS”  +  75  (ig  ml"’  2-AAF* 

Mortality 

0 

0 

0 

0 

Malformation 

100.0 

85.0 

100.0 

100.0 

LCso'  (rig  ml"') 

87.0 

90.0 

45.0 

40.0 

(84.0-89.0) 

(86.0-93.0) 

(26.0-78.0) 

(32.0-58.0) 

ECso*  (pg  fnl"’) 

6.9 

7.4 

2.6 

2.5 

(6.5-7.3) 

(7.0-8.0) 

(0.4-9.0) 

(2.0-3.0) 

Tl» 

12.6 

12.2 

17.3 

16.0 

*  Data  prasanted  as  parcant  affact. 

*  Metabolic  activation  system. 

*  Cyclophosphamide. 

*  Carbon  monoxide-inactivated  MAS. 

*  Unactivated  column  represents  data  for  embryos  exposed  to  75  ng  ml"’  2-AAF  alone. 

'  Determined  by  Litchfielci-Wilcoxon  probit  analysis  with  95%  confidence  interval  in  parentheses. 

®  96-h  LCw96*h  eCjo  (malformation). 


edema  at  concentrations  >6  ng  ml” ' .  At  concentrations 
>10  fig  ml”‘.  severe  gut  malformations,  ophthalmic 
edema  and  craniofacial  abnormalities  were  also 
observed.  Gut  miscoiling,  edema  of  the  pericardium, 
opthalmic  region  and  dorsal  fin.  and  severe  micro¬ 
ophthalmia  were  elicited  by  activated  2-A  AF  at  concen¬ 
trations  of  >1.0  fig  ml"'.  Concentrations  of  >10  fig 
ml"'  bioactivated  2-AAF  produced  severe  skeletal 
kinking,  malformations  of  the  mouth  and  microence- 
phaly.  The  effects  of  unactivated  and  bioactivated  2- 
AAF  on  embryo  growth  is  illustrated  in  Fig.  1. 
E.\posure  to  metabolically  activated  2-AAF  had  a 
greater  growth  inhibiting  effect  than  did  exposure  to 
unactivated  2-AAF.  Growth  reduction  as  the  result  of 
'’-AAF  bioactivation  was  also  greater  than  the  additive 
owth  inhibition  caused  by  the  MAS  +  DMSO  and 
unactivated  2-AAF  treatments.  Embryos  exposed  to 
CO-MAS  and  85  fig  ml"'  2-AAF  were  75.5%  of 
FETAX  solution  control  growth. 


Rifampicin 

Unactivated  RA  was  not  developmentally  toxic  at  the 
limit  of  solubility  in  1%  (v/v)  DMSO.  thus  the  96-h 
LCs,,  and  ec^h  (malformation)  values  are  expressed  as 
>2.0  mg  mi"'  (Table  2).  Bioactivation  decreased  the 
96-h  LC5,,  to  ca.  1.4  mg  ml"'.  The  mean  96-h  ec<„ 
(malformation)  for  bioactivated  rifampicin  was  0.5  mg 
ml"'  and  the  TI  was  2.8.  Activated  RA  concentrations 
of  >50  fig  ml"'  caused  miscoiling  of  the  gut.  cranio¬ 
facial  deformities  and  microophthalmia.  Severe  micro- 
encephaly,  ophthalmic  and  pericardial  edema,  and 
skeletal  kinking  were  produced  in  concentrations  of 
>1.0  mg  ml"'.  The  effect  of  metabolic  activation  of 
RA  on  embryo  growth  is  presented  in  Fig.  2.  Activated 
RA  concentrations  of  >  1  mg  ml" '  caused  slight  growth 
inhibition.  However,  the  reductions  may  have  been 
caused  by  the  sum  of  the  actions  of  the  MAS  +  DMSO 
and  unactivated  RA  treatments.  Unactivated  RA 


FIguri  1.  Representative  growth  curves  from  final  definitive  experiments,  presented  as  percent  of  mean  FETAX  solution  control 
with  SE,  for  Xenopus  embryos  exposed  to  unactivated  (■)  and  bioactivated  2>AAF  for  96  h;  (•)  represents  the  additive  growth 
inhibiting  effects  of  the  MAS  +  OMSO  and  unactivated  2-AAF  treatments. 


Concentration  RA  (mg  ml"  ) 


Figure  2.  Representative  growth  curves  from  final  definitive  experiments,  presented  as  percent  of  mean  FETAX  solution  control 
with  SE,  for  Xenopus  embryos  exposed  to  unactivated  !■)  and  bioactivated  (■A’)  RA;  (•)  represents  the  additive  growth  inhibiting 
effects  of  the  MAS  -r  OMSO  and  unactivated  RA  treatments. 


Table  2.  Effect  of  rifampidD  on  Xeaopus  embryo  devdopment 


Treatment  Unactivated  Activated 


Trial  1 

Trial  2 

Trial  1 

Trial  2 

FETAX  solution  control* 

Mortality 

1.9 

1.9 

2.5 

0 

Malformation 

3.4 

5.1 

5.1 

0 

MAS*  control* 

Mortality 

- 

- 

2.5 

0 

Malformation 

- 

- 

5.1 

5.0 

1%  (v/v)  OMSO  control* 

Mortality 

0 

0 

0 

0 

Maiformation 

S.0 

2.5 

5.0 

0 

MAS  +  1%  (v/v)  DMSO* 

Mortality 

- 

• 

2.5 

0 

Malformation 

- 

- 

10.3 

5.0 

4.0  mg  ml"’  CP*-* 

Mortality 

0 

0 

100.0 

100.0 

Malformation 

5.0 

5.0 

- 

- 

CO-MAS"  2.0  mg  ml"’  RA** 

Mortality 

0 

13.3 

0 

0 

Maiformation 

5.0 

15.4 

15.4 

10.0 

LC*,'  (mg  ml"’) 

>2.0* 

>2.0 

1.40 

1.35 

ECm'  (mg  ml"’) 

>2.0 

>2.0 

(1.24-1.56) 

0.53 

(1.26-1.4( 

0.47 

(0.45-0.63) 

2.6 

(0.39-0.5! 

2.9 

*  Data  preeonted  as  percant  effect 
Matabolic  activation  system. 

‘  Cyclophosphamide. 

“Carbon  monoxide*inactivated  MAS. 

“Unactivated  column  represents  dau  for  embryos  exposed  to  2.0  mg  ml*'  RA  alone. 

'  Determined  by  Utchfieid-Wileoxon  probit  analysis  with  95%  confidence  interval  in  parentheses. 
■  Limit  of  solubility  in  1%  (v/v)  OMSO. 

*'  96  h  l(W96  h  eCm  (maiformation). 


concentrations  of  >1.5  mg  ml"‘  caused  increased 
embryo  growth  compared  to  FETAX  solution  controls, 
whereas  activated  concentration  of  >1.0  mg  ml~' 
caused  marked  growth  reduction.  Embryonic  growth 
in  the  FETAX  solution  controls  and  the  CO-MAS  + 
2.0  mg  ml"‘  RA  treatment  was  nearly  identical. 

BenzoMpyrene 

Results  from  tests  with  BP  are  shown  in  Table  3.  The 
96*h  LCjo  for  both  unactivated  and  metabolically 
activated  BP  is  expressed  as  being  >10  pig  ml"‘.  since 
the  median  lethal  concentration  exceeded  the  limit 
of  solubility  in  1%  (v/v)  DMSO.  The  96-h  EC50 
(maiformation)  for  unactivated  BP  was  ca.  11  pig  ml~‘. 
Bioactivation  reduced  the  96-h  ecso  (malformation)  by 
ca.  6.7-fold  to  1.7  pig  ml"'.  The  TI  increased  at  least 
5.6-fold  upon  activation.  At  concentrations  of  >2.5  pig 
ml"',  unactivated  BP  elicited  moderate  gut  malfor¬ 
mations,  while  concentrations  of  >7.5  pig  ml"'  pro¬ 
duced  severe  gut  abnormalities  and  malformations  of 
the  mouth.  Bioactivation  induced  ophthalmic  edema, 
severe  gut  miscoiling  and  mouth  maiformation  at 
concentrations  of  >0.5  pig  ml"'.  In  addition,  micro- 


encephaly,  severe  eye  malformations  and  skeletal 
kinking  were  observed  at  >5  pig  ml"'  activated  BP. 
The  effect  of  bioactivated  BP  on  embryo  growth  is 
shown  in  Fig.  3.  Activated  BP  concentrations  greater 
than  ca.  5  pig  ml"'  caused  greater  growth  reduction 
than  could  be  explained  by  the  additive  effect  of 
the  MAS  +  DMSO  and  unactivated  BP  treatments. 
Embryos  exposed  to  10  pig  ml"'  BP  and  CO-MAS 
were  87%  of  FETAX  solution  control  growth. 

ZnS04 

In  tests  without  the  MAS,  the  average  normalized  96- 
h  LC50  was  34.4  pig  ml"'  (Table  4).  The  96-h  ECso 
(malformation)  was  ca.  2.7  pig  ml"'  in  tests  without 
the  MAS.  In  tests  with  the  MAS,  the  mean  96-h 
LC50  was  36.7  pig  ml"'.  The  activated  LC50  value 
(standardized  per  microgram  of  microsomal  protein) 
was  ca.  1.6  pig  ZnS04  p^g"'  protein.  With  the  MAS. 
the  96-h  EC50  (malformation)  was  ca.  2.9  pig  ml"'.  The 
TI  values  for  unactivated  ZnS04  and  ZnS04-MAS 
experiments  were  13.3  and  12.7,  respectively.  Embryos 
exposed  to  ZnS04  alone  at  concentrations  of  >1.5  pig 
ml"'  caused  mild  gut  malformations  and  pericardial 


Table  3.  Effect  of  ben20(a]pyrene  on  Xenopiu  embryo  deveiopment 


Treatment 


Unactivated 


Activated 


FETAX  solution  control* 

Trial  1 

Trial  2 

Trial  1 

Trial  2 

Mortality 

0 

0 

0 

0 

Malformation 

0 

3.4 

0 

3.4 

MAS"  control* 

Mortality 

- 

- 

0 

3.4 

Malformation 

- 

- 

2.5 

3.4 

1%  (v/v)  OMSO  control* 

Mortality 

2.5 

0 

2.5 

0 

Malformation 

5.0 

0 

3.4 

0 

MAS  +  1%  (v/v)  OMSO* 

Mortality 

- 

- 

0 

0 

Malformation 

- 

- 

15.0 

3.4 

4.0  mg  ml"’  CP*-* 

Mortality 

0 

0 

100.0 

100.0 

Maiformation 

15.0 

15.0 

- 

- 

CO-MAS*  +  10  (ig  ml-'  BP** 

Mortality 

0 

0 

0 

0 

Malformation 

0 

0 

40.0 

33.3 

LCso'  (ng  ml"’) 
eCm'  ((i.g  ml-') 

>10.0» 

>10.0 

>10.0 

>10.0 

12.0 

10.0 

1.5 

1.8 

(6.0-20.0) 

(8.0-12.0) 

(1.0-2.4) 

(1.2-3.0) 

77" 

>0.8 

>1.0 

>6.7 

>5.6 

■  Data  presented  as  percent  effect. 

■■  Metabolic  activation  system. 

‘  Cyclophosphamide. 

“Carbon  monoxide-inactivated  MAS. 

“Unactivated  column  represents  data  for  embryos  exposed  to  10  ml*'  BP  alone. 

'  Determined  by  Litchfield-Wiicoxon  probit  analysis  with  95%  confidence  interval  in  parentheses. 
»  Limit  of  solubility  in  1%  (v/v)  DMSO. 

"  96-h  LC,(,96-h  eCm  (malformation). 


edema.  Above  4.0  fig  ml~'.  ZnS04  induced  severe 
edema  of  the  pericardium  and  eye,  gut  miscoiling,  and 
head  and  mouth  malformations.  Higher  concentrations 
also  caused  severe  skeletal  kinking,  microophthalmia, 
microencephaly  and  craniofacial  malformations. 
ZnS04-MAS  exposure  produced  similar  malformations 
to  those  induced  by  the  unactivated  treatments.  The 
severity  of  the  gut  miscoiling  and  edema  was  slightly 
greater  at  the  lower  concentrations  (<4.0  fig  ml)  when 
cultured  with  the  MAS.  At  higher  concentrations  (>5.0 
fig  ml"'),  skeletal  kinking  was  observed  less  and 
was  generally  less  severe  than  that  produced  in  the 
unactivated  treatments.  The  effect  of  ZnSOj  on  embryo 
growth  is  shown  in  Fig.  4.  Addition  of  the  MAS  had 
little  effect  on  the  embryo  growth  inhibiting  potential 
of  ZnS04.  Embryos  exposed  to  85  fig  ml"'  ZnS04 
(30.5-36.3  fig  ml"'  normalized)  and  the  CO-MAS 
were  81.7%  of  FETAX  solution  control  growth. 


Cytochalasin  D 

Table  5  shows  the  results  of  tests  conducted  with  CD. 
The  mean  96-h  lc^,  for  unactivated  CD  experiments 


was  450  ng  ml"'.  The  inactivated  96-h  EC^,  (malfor¬ 
mation)  was  ca.  100  ng  ml"'.  In  tests  conducted  with 
the  MAS.  the  96-h  lc.so  averaged  800  ng  ml"'.  The 
bioinactivated  96-h  eCso  (malformation)  was  ca.  600  ng 
ml"'.  The  TI  for  unactivated  CD  was  ca.  3.9  whereas 
the  TI  for  bioinactivated  CD  was  ca.  1.5.  Unactivated 
CD  concentrations  of  >50  ng  ml"'  induced  severe 
impairment  of  eye  formation,  gut  miscoiling  and 
craniofacial  malformations.  At  concentrations  of  >75 
ng  ml" ' ,  microencephaly,  muscular  kinking  and  skeletal 
defects  were  observed.  The  term  muscular  kinking 
caused  by  muscular  contraction  is  used  to  differentiate 
from  that  of  skeletal  kinking  in  which  the  spine  itself 
is  affected.  In  tests  with  the  MAS.  severe  miscoiling 
of  the  gut.  pericardial  edema  and  mouth  malformations 
were  induced  at  concentrations  of  >250  ng  ml"'. 
Additional  anomalies  found  at  >900  ng  ml"'  were 
skeletal  kinking,  moderate  craniofacial  malformations 
and  microencephaly.  The  effect  of  metabolic  inacti¬ 
vation  of  CD  on  embryo  growth  is  presented  in  Fig. 
5.  Addition  of  the  MAS  increased  embryo  growrh 
compared  to  embryos  exposed  to  CD  alone.  Embryos 
exposed  to  CD  and  the  CO-MAS  were  87.1%  of 
FETAX  solution  control  growth. 
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Rgura  3.  Representative  growth  curves  for  final  definitive  experiments,  presented  as  percent  of  mean  FETAX  solution  control  with 
SE,  for  Xenopus  embryos  exposed  to  unactivated  (■)  and  bioactivated  (#)  BP  for  96  h;  (•)  represents  the  additive  growth  inhibiting 
effects  of  the  MAS  +  OMSO  and  unactivated  BP  treatments. 


Concentration  ZnSO^  (/xg  mf'’) 

Figure  4.  Representative  growth  curves  for  final  definitive  experiments,  presented  as  percent  of  mean  FETAX  solution  control  with 
SE,  for  Xenopus  embryos  exposed  to  unactivated  !■)  and  ZnSOt  plus  the  MAS  i'A’)  for  96  h;  (•)  represents  the  additive  growth 
inhibiting  effects  of  the  MAS  and  unactivated  ZnSO«  treatments. 


Table  4.  Effect  of  ZnS04  on  Xeaopus  embryo  development 


Treatment 


Unactivated 


Activated 


FETAX  solution  control* 

Trial  1 

Trial  2 

Trial  1 

Trial  2 

Mortality 

0 

0 

0 

0 

Malformation 

5.0 

2.5 

1.3 

2.5 

MAS**  control* 

Mortality 

- 

- 

2.5 

3.4 

Malformation 

- 

- 

0 

3.6 

4.0  mg  ml"’  CP*  ' 

Mortality 

0 

0 

100.0 

90.0 

Malformation 

COI’I-MAS'’  +  85  fig  ml"'* 

0 

ZnSO/' 

0 

100.0 

Mortality 

0 

0 

0 

0 

Malformation 

100.0 

100.0 

100.0 

100.0 

lCm®  (|ig  ml-') 

35.0 

33.8 

40.0 

33.4 

(33.9-36.1) 

(33.2-33.4) 

(39.7-40.3) 

(32.7-34.1) 

LCso  (fig  Zn  fig"'  protein) 

• 

1.72 

(1.72-1.75) 

1.39 

(1.36-1.42) 

eCso”  (m  ml"') 

2.22 

3.15 

2.92 

2.85 

(1.79-2.76) 

(2.80-3.54) 

(2.55-3.35) 

(2.64-3.09) 

n" 

15.8 

10.7 

13.7 

11.7 

I 


*  Data  presented  as  percent  effect. 

*>  Metabolic  activation  system. 

<=  Cyclophosphamide. 

'’Carbon  monoxide-inactivated  MAS. 

'Concentration  not  normalized  to  100  ml*'  hardness  (as  CaCOj). 

'Unactivated  column  represents  data  for  embryos  exposed  to  85  |ig  ml'*  Zn  alone. 

•  Determined  by  Litchfleld-Wilcoxon  probit  analysis  with  95%  confidence  interval  in  parentheses. 
Concentrations  normalized  to  100  p.g  ml"'  hardness  (as  CaCOj)'*  ’*. 

"Se-h  LCso'96-h  ECjo  (malformation). 


DISCUSSION 


Metabolic  activation  increased  the  developmental  tox¬ 
icity  of  2-AAF.  RA  and  BP.  reduced  the  effect  of  CD 
and  had  no  significant  effect  on  ZnS04.  Generally,  in 
FETAX.  TI  values  of  <1,5  indicate  low  teratogenic 
potential  whereas  higher  values  signify  an  increase  in 
the  potential  hazard. However,  types  and  severity 
of  malformations,  growth  inhibition  and  results  with 
CO-MAS  are  also  considered.  Some  compounds  with 
TI  values  of  <1.5  produce  severe  malformations  of 
major  organ  systems.  These  compounds  may  still  pose 
a  hazard  for  the  developing  embryo  (possibly  as  an 
embryo  toxin).  CO-MAS  controls  provide  the  much 
needed  information  for  assessing  the  role  of  P-450- 
mediated  metabolism  in  teratogenesis. 

Even  without  activation.  2-AAF  is  a  significant 
teratogenic  hazard  in  FETAX.  Several  additional 
factors  suggest  the  importance  of  biotransformation  in 
2-AAF  teratogenesis.  First,  activated  2-AAF  induced 
different  types  of  terata  with  greater  severity  than 
unactivated  2-AAF  produced.  Second,  embryos 
exposed  to  2-AAF  and  the  CO-MAS  exhibited  similar 
malformation  responses,  including  growth  reduction  to 


embryos  exposed  to  unactivated  2-AAF.  Metabolic 
activation  of  2-AAF  primarily  caused  severe  malfor¬ 
mations  of  the  brain,  eye  and  skeletal  system  in 
Xenopus.  These  malformations  were  not  observed  in 
unactivated  treatments.  Activation  also  caused  a  slight 
decrease  in  embryo  growth  and  was  not  as  marked  as 
the  rates  for  RA  and  BP.  These  anomalies  are  similar 
to  those  found  in  in  vivo  and  in  vitro  mammalian 
teratogenesis  test  systems.  Izumi-"  produced  primarily 
skeletal  malformations  by  administering  2-AAF  to  mice 
between  the  8th  and  15th  day  of  gestation.  Faustman- 
Watts  ei  al.-^  exposed  cultured  whole-rat  embryos  to 
2-AAF.  activated  2-AAF  and  two  metabolites-A^- 
hydroxy-2-acetylaminofluorene  (N-OH-AAF)  and  N~ 
acetoxy-2-acetylaminofluorene  (N-AAAF).  No  malfor¬ 
mations  and  minimal  decreases  in  viability  and  growth 
were  observed  with  unactivated  2-AAF  at  concen¬ 
trations  up  to  75  ng  ml~'.  Concentrations  of  >60  p,g 
ml"'  bioactivated  2-AAF  caused  a  decrease  in  embryo 
viability,  incomplete  closure  of  the  neural  tube  and  a 
decrease  in  embryo  growth.  In  the  present  study, 
the  concentration  of  unactivated  2-AAF  required  to 
malform  all  Xenopus  embryos  was  7.5  times  greater 
than  activated  2-AAF.  Thus,  it  may  be  possible  that 
concentrations  of  >75  ng  ml"'  unactivated  2-AAF 
were  required  to  elicit  malformations  in  cultured 


rat  embryos.  These  concentrations  were  not  tested,  in  rats  grown  w  vjfro  and  exposed  to  RA.  The  response 

however.  N-OH-AAF  and  N-AAAF  produced  ventro-  was  only  observed  in  the  presence  of  an  exogenous 

lateral  protrusion  and  hypoplasia  of  the  prosence-  microsomal  monooxygenase  system.  Embryo  growth 

ohalon.  Although  ventrolateral  protrusion  of  the  brain  was  also  reduced  but  was  not  dependent  on  the 

was  not  observed  in  Xenopus,  hypoplasia  of  the  rat  presence  of  a  MAS.  In  addition,  RA  has  been 

prosencephalon  appears  to  be  similar  to  micro-  determined  to  be  more  problematic  during  pregnancy 

encephaly  detected  with  Xenopus.  than  several  other  antituberculosis  drugs,  such  as 

Bioactivation  increased  the  teratogenic  hazard  of  isoniazid  and  ethambutol.^^  Steen  and  Stainton-Ellis“ 

RA,  as  indicated  by  the  rise  in  TI  and  the  detrimental  reported  9  malformations  among  202  exposed  newborns 

effect  on  embryo  growth  at  concentrations  of  >  1.0  mg  (4.5%).  The  malformations  observed  were  anencephaly 

ml~'.  Embryos  exposed  to  the  CO-MAS  and  RA  (1),  hydrocephalus  (2),  genitourinary  anomalies  (2), 

developed  normally  and  growth  was  not  inhibited,  dislocated  hip  (1)  and  skeletal  reduction  deformities 

thus  implicating  the  role  of  P-450  in  teratogenesis.  (3).  However,  evaluation  of  this  information  is  difficult 

Malformations  induced  by  RA  exposure  in  Xenopus  since  no  information  about  patient  selection  was 

are  similar  to  deformities  found  in  mammalian  models  included  in  the  report.^* 

and  possibly  humans.  Metabolic  activation  of  rifampicin  Exogenous  bioactivation  increased  the  potential  tera- 

caused  severe  malformations  of  the  gut,  brain,  eye  and  togenic  hazard  of  BP.  Activation  also  significantly 

skeletal  system  at  low  RA  concentrations  in  Xenopus.  decreased  Xenopus  embryo  growth  at  concentrations 

Oral  doses  of  >150  mg  kg"‘  in  mice  and  rats  of  >5.0  |ig  ml~‘.  Some  of  the  malformations  induced 

caused  spina  bifida  in  both  species  and  cleft  palate  by  BP  in  mammalian  test  systems  are  similar  to  those 

malformations  in  the  mouse  fetus.*^  Similar  treatment  observed  with  Xenopus.  Shum  et  al.-’’  found  that  (i- 

of  rabbits  had  no  apparent  effect  on  the  developing  naphthoflavone-enhanced  BP  metabolism  in  AKR 

fetus.  Greenaway  et  al.-^  produced  open  neural  tubes  inbred  mice  injec.ed  i.p.  with  BP  between  50  and  300 


Table  5.  EtTect  of  cytochalasin  D  on  Xenopus  embryo  development 


Treatment 

Unactivated 

Activated 

Trial  1 

Trial  2 

Trial  1 

Trial  2 

FETAX  solution  control* 

Mortality 

3.8 

2.5 

1.3 

1.3 

Malformation 

1.3 

3.8 

3.8 

5.1 

MAS**  control* 

Mortality 

- 

2.5 

2.5 

Malformation 

- 

- 

2.6 

5.2 

1%  (v/v)  DMSO* 

Mortality 

2.5 

6.7 

0 

0 

Malformation 

5.1 

3.6 

5.0 

5.0 

MAS  +  1%  (v/v)  DMSO* 

Mortality 

- 

- 

0 

0 

Malformation 

- 

- 

7.5 

10.0 

4.0  mg  mi"’  CP*® 

Mortality 

0 

3.4 

100.0 

100.0 

Malformation 

0 

3.4 

- 

- 

CO-MAS®  +  1.0  Jig  ml-’  CO** 

Mortality 

75.0 

80.0 

96.7 

95.0 

Malformation 

100.0 

100.0 

100.0 

100.0 

lCm'  (ng  ml-') 

490 

433 

883 

728 

(376-638) 

(313-599) 

(765-1020) 

(637-831) 

ECso'  (ng  ml-’) 

121 

121 

541 

551 

(86-170) 

(77-199) 

(458-638) 

(486-625) 

Tl° 

4.1 

3.6 

1.6 

1.3 

*  Data  presented  as  percent  effect. 

”  Metabolic  activation  system. 

°  Cyclophosphamide. 

^  Caroon  monoxide-inactivated  metabolic  activation  system. 

*  Unactivated  column  represents  data  for  embryos  exposed  to  1  iig  ml  '  CD  alone. 

'  Determined  by  Litchfield-Wilcoxon  probit  analysis  with  95%  confidence  interval  in  parentheses. 
0  96-h  LC5(y96-h  eCsq  (malformation). 


Concentration  CD  (ng  mL“’) 

Rgura  S.  Representative  growth  curves  for  final  definitive  experiments,  presented  as  percent  of  mean  FETAX  solution  control  with 
SE,  for  Xenopus  embryos  exposed  to  unmetabolized  (■)  and  bioinactivated  CD  iir)  for  96  h;  (•)  represents  the  additive  growth 
inhibiting  effects  of  the  MAS  -i-  DMSO  and  unmetabolized  CO  treatments. 


mg  kg"'  was  associated  with  increased  in  utero  toxicity 
and  terata  (club  foot,  cleft  palate  and  lip,  kinky  tail, 
hemangioma,  anophthalmia  and  scoliosis).  Skeletal 
kinking  in  Xenopus  may  bear  some  relationship  to 
skeletal  limb  defects  in  mammals.'^  Similar  terata  were 
also  observed  in  B6-’  and  CSTBL'b-”  strain  mice  after 
i.p.  injection,  but  occurred  more  frequently  than  in 
the  AKR  strain.  Greater  incidence  of  anomalies  found 
in  the  B6  strain  has  been  attributed  to  genetic  variability 
in  the  rate  of  BP  biotransformation  (i.e.  C57BL/6N 
and  B6  strain  mice  have  a  highly  inducible  P-450 
isozyme  (AAH)  responsible  for  BP  metabolism). 

Metabolic  activation  did  not  significantly  change  the 
developmental  toxicity  of  ZnSOa,  as  indicated  by  the 
similarity  of  the  TI  values.  Types  of  malformations 
induced  in  activated  and  inactivated  experiments  were 
similar  as  well.  Differences  in  the  Lc^,,  values  for 
activated  e.xperiments  initially  suggested  that  some 
other  factor,  such  as  microsomal  metallothionine.  might 
be  responsible  for  the  slight  detoxification  of  ZnSOa. 
However,  normalization  for  microsomal  protein  did 
not  significantly  change  the  variability  between  the 
two  expenments.  If  detoxification  was  the  result  of 
metal-protein  binding,  normalization  should  correct 
this  variation.  Thus,  differences  were  probably  due 
only  to  genetic  variability  of  the  embryos  used  and 
minor  procedural  variations.  Growth,  which  is  often 
the  most  sensitive  endpoint  measured  by  FETAX. 
was  not  significantly  reduced  upon  activation.  Much 
emphasis  placed  on  MAS  studies  concerns  the  ability 
to  detect  only  proteratogens.  However,  a  successful 
MAS  must  not  alter  the  results  of  direct-actine  terato¬ 


gens.  Established  direct-acting  teratogens,  such  as 
ZnS04  in  Xenopus,  should  be  tested  in  parallel  with 
a  metabolic  activation  system  to  show  that  results  are 
not  affected.  Eventually,  all  compounds  selected  for 
validation  of  in  vitro  teratogenesis  screening  systems 
should  be  tested  with  and  without  the  MAS. 

Results  from  experiments  performed  with  the  MAS 
indicate  that  the  developmental  toxicity  of  CD  was 
reduced.  Embryos  exposed  to  metabolically  inactivated 
CD  developed  markedly  better,  which  was  reflected 
in  the  absence  of  several  different  types  of  terata 
observed  in  unactivated  CD  and  in  embryo  growth.  In 
general,  the  severity  of  malformations  induced  by 
inactivated  CD  was  significantly  less  than  that  caused 
by  unactivated  CD.  Previous  studies  with  CD  in  other 
animal  models  are  similar  to  results  obtained  with 
FETAX.  Shepard  and  Greenaway-'^  found  that  C-57 
and  BALB-C.  but  not  Swiss-Webster.  strain  mice 
injected  on  days  7  through  11  produced  exencephaly. 
hypognathia  and  skeletal  reduction  effects.  Exenceph¬ 
aly  was  found  to  be  the  predominant  malformation  in 
hamsters.^"  In  the  rat,  CD  was  non-teratogenic  in  vivo: 
however,  impaired  neural  tube  closure  was  observed 
in  vitro Interestingly,  the  majority  of  Xenopus 
embryos  that  died  at  concentrations  of  >2,5  jig  ml"' 
were  arrested  during  neurulation.  The  addition  of  a 
MAS  to  the  cultured  whole-rat  embryo  system  caused 
significant  inhibition  of  CD  teratogenesis.-''  Inhibition 
of  teratogenesis  was  reduced  with  the  addition  of 
CO.  In  FETAX.  CO-MAS  restored  much  of  the 
developmentally  toxic  effects  of  CD.  including  growth 
inhibition.  Based  on  the  present  evaluation  scheme 


using  the  TI,  inactivated  CD  has  the  potential  to  be 
developmentally  hazardous.  However,  differences  in 
the  types  and  severity  of  malformations  and  inhibition 
of  growth  reduction  upon  inactivation,  as  well  as 
/eversal  of  the  effects  by  CO,  indicate  that  CD 
teratogenesis  may  be  inhibited  by  the  P450.  system. 
These  results  suggest  the  importance  of  in  vitro 
developmental  toxicity  test  systems,  including  FETAX, 
in  evaluating  discrepancies  beteween  in  vivo  and  in 
vitro  models. 

Without  the  ability  to  metabolize  xenobiotics,  it  is 
doubtful  that  in  vitro  test  systems  will  be  suitable  for 
screening  human  developmental  toxicants.  Results  of 
tests  performed  with  CP,'*  nicotine,^  2-AAF,  RA,  BP, 
Zn  and  CD  ail  indicate  that  with  an  exogenous 
MAS,  FETAX  may  be  able  to  overcome  metabolic 
incompetence  and  successfully  serve  as  a  screen  in 
developmental  toxicity  hazard  assessment.  Such  a 
system  should  also  provide  information  on  the  role  of 
MFO  metabolism  in  teratogenesis.  FETAX  cannot 
pharmacologically  represent  the  fetal-maternal  system 
of  mammals,  however  it  may  provide  an  opportunity 
to  compare  the  developmental  toxicity  of  parent 


compounds  and  metabolites.  By  implementing  a  MAS 
into  the  FETAX  protocol,  we  may  increase  the 
predictive  value  by  decreasing  the  number  of  false¬ 
positive  and  false-negative  test  results. 
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ABSTRACT 

The  developmental  toxicity  of  five  compounds  was 
evaluated  with  the  Frog  Embryo  Teratogenesis  Assay: 
Xenopus  (FETAX) .  Late  Xenopus  laevis  blastulae  were 
exposed  to  5-azacytidine,  methotrexate, 
pseudoephedrine,  aspartame,  and  amaranth  for  96  h. 
Three  separate  static-renewal  assays  were  conducted 
for  each  compound.  Based  on  Teratogenic  Index 
[LC50/EC50  (malformation))  values,  types  and  severity 
of  induced  malformations,  and  embryo  growth, 
5-azacytidine  and  methotrexate  tested  as  having  strong 
teratogenic  potential.  Pseudoephedrine  scored  as 
having  moderate  teratogenic  potential,  but  amaranth 
and  aspartame  had  little  or  no  teratogenic  potential. 
Results  support  the  use  of  FETAX  for  the  screening  of 
developmental  toxicants. 

INTRODUCTION 

Recent  attempts  to  minimize  cost  and  time 
restraints  associated  with  mammalian  teratogenesis 
assay  systems  have  resulted  in  the  establishment  of 
several  alternative  test  systems  utilizing  lower  life 
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forms. ^  One  alternative  is  the  Frog  Embryo 
Teratogenesis  Assay:  Xenopus  (FETAX) . 

FETAX  is  a  96-h,  static-renewal  assay  capable  of 
screening  potential  developmental  toxicants  in  a  time- 
and  cost-effective  manner.^  FETAX  also  has  a  high 
degree  of  developmental  relevance  to  mammals. 

Previous  studies  have  demonstrated  the  utility  and 
versatility  of  FETAX  in  the  rapid  determination  of  the 
potential  developmental  toxicity  of  pure  compounds^"® 
and  complex  mixtures.®”®  In  addition,  a  successful 
metabolic  activation  system  (MAS)  has  been  developed 
evaluated^^”^^ ,  and  applied  to  the  study  of 
toxicological  mechanisms  of  teratogenesis. 

In  this  report,  we  evaluate  the  developmental 
toxicity  of  five  compounds  using  FETAX. 

MATERIALS  AMD  METHODS 

Adult  animal  care,  breeding  and  embryo  collection 
were  performed  according  to  the  method  of  Dawson  and 
Bantle. 

Sets  of  25  embryos  were  placed  in  60-mm  covered 
glass  Petri  dishes  with  varying  concentrations  of  the 
appropriate  test  compound  (Sigma  Chemical  Co.,  St. 
Louis,  MO)  dissolved  in  FETAX  solution. For  each 
compound  8  to  16  concentrations  were  tested  in 
duplicate.  Four  separate  control  dishes  of  25  embryos 


FURTHER  VALIDATION  OF  FETAX 


269 


each  were  exposed  to  FETAX  solution  alone.  Treatment 
and  control  dishes  contained  a  total  of  8  ml  of 
solution.  Antibiotics  (100  U/ml  penicillin  G-0.1 
mg/ml  streptomycin  sulfate) were  used  in  the  final 
test  with  aspartame  to  control  bacterial  growth. 

For  each  compound  at  least  one  range  and  three 
definitive  dose-response  tests  were  conducted.  All 
compounds  except  for  amaranth  were  subjected  to  blind 
testing.  In  this  testing  format,  the  samples  were 
coded  and  given  to  the  technician  who  had  no  knowledge 
of  what  they  contained.  The  technician  collected  and 
analyzed  all  data.  Since  amaranth  in  solution  was 
clearly  red,  it  was  not  included  in  the  blind  battery 
of  compounds  to  minimize  potential  bias.  The  pH  of 
all  test  compounds  tested  was  7.0  to  7.5.  Embryos  were 
cultured  at  24  ±  1°C  throughout  the  test. 

Solutions  were  renewed  every  24  h  of  the  four  d 
tests  and  any  dead  animals  removed.  At  96  h, 
surviving  embryos  were  fixed  in  3.0%  (w/v)  formalin. 

The  number  of  dead,  and  malformed  survivors,  as  well 
as  developmental  stage^^  were  determined  using  a 
dissecting  microscope. 

For  each  test,  probit  analysis^^  was  used  to 
determine  the  96-h  LC50  (median  lethal  concentration) , 
96-h  EC50  (concentration  inducing  gross  terata  in  50% 
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of  the  surviving  embryos) ,  and  95%  percent  confidence 
intervals.  A  Teratogenic  Index  [TI=LC50/EC50 
(malformation) ] ,  useful  in  assessing  levels  of 
teratogenic  potential^ was  also  determined. 

Head-tail  length  (growth)  was  measured  using  an 
IBM-compatible  computer  equipped  with  digitizing 
software  (Jandel  Scientific,  Corte  Madera,  CA) .  For 
each  test,  the  minimum  concentration  to  inhibit  growth 
(MCIG)  was  calculated  using  the  t-Test  for  grouped 
observations  (p<0.05). 

RESDLT8 

Results  from  the  FETAX  tests  are  presented  in 
Table  1.  It  was  not  possible  to  determine  and  EC50  for 
the  second  pseudoephedrine  test  although  the  value  was 
between  200  and  250  mg/1.  This  would  yield  a  TI  of 
approximately  1.9  for  this  test.  Representative 
concentration-response  and  growth-inhibition  curves 
for  the  five  compounds  are  illustrated  in  Figures  1 
and  2,  respectively.  In  this  investigation,  the  FETAX 
solution  control  mortality  and  malformation  rates 
were  111  of  1500  (7.4%)  and  116  of  the  1389  survivors 
(8.4%),  respectively.  Acceptable  rates  of  control 
mortality  and  malformation  are  generally  <10%. 

Malformations  induced  by  amaranth  were  limited 
to  miscoiling  of  the  gut  and  pericardial  edema  at 
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FIGURE  1.  Representative 
concentration-response 
curves  and  respective 
Teratogenic  Index  values 
for  the  five  compounds 
tested  with  FETAX. 
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FIGURE  2 .  Representative 
embryo  growth  curves  for 
the  five  compounds. 
Concentrations  are 
expressed  as  percent  of 
the  respective  compound 
LC50.  Growth  is 
expressed  as  percent  of 
mean  FETAX  solution 
control  length  +  SEM. 
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concentrations  >2500  mg/l  and  4500  mg/l,  respectively. 
Concentrations  >6000  mg/l  caused  miscoiling  of  the 
gut,  craniofacial  defects  and  mouth  deformities. 
Muscular  kinking  was  observed  at  concentrations 
exceeding  9000  mg/l.  Test  #1  and  #2  were  conducted 
without  antibiotics.  Addition  of  the  penicillin- 
streptomycin  mixture  did  not  affect  the  types  or  the 
severity  of  the  induced  malformations. 

At  concentrations  >200  mg/l,  pseudoephedrine 
produced  miscoiling  of  the  gut  and  skeletal  kinking. 
Exposure  to  concentrations  >250  mg/ml  induced 
pericardial  and  craniofacial  edema,  as  well  as 
microophthalmia.  Abnormal  development  of  the  mouth 
and  blistering  of  the  dorsal  fin  were  noted  at 
concentrations  exceeding  280  mg/l. 

Methotrexate  produced  miscoiling  of  the  gut  and 
microophthalraia  above  20  mg/l.  Exposure  to 
concentrations  >30  mg/l  induced  microencephaly  and 
hydroencephaly ,  as  well. 

Primary  malformations  associated  with  exposure  to 
>30  mg/l  5-azacytidine  were  miscoiling  of  the  gut  and 
incomplete  development  of  the  mouth.  Concentrations 
>70  mg/l  produced  muscular  kinking,  visceral  edema, 
and  microencephaly.  Microophthalmia  and  craniofacial 
defects  were  also  observed  above  100  mg/l. 
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DISCUSSION 

In  FETAX,  teratogenic  potential  is  determined  by 
the  TI  values,  embryo  growth,  and  the  type  and 
severity  of  induced  malformations.  Generally,  TI 
values  <1.5  indicate  low  teratogenic  potential  and 
higher  values  signify  an  increase  in  the  potential 
hazard.  3-5,9-11  Higher  TIs  indicate  a  larger 
separation  of  the  mortality  and  malformation  ^ 

dose-response  curves,  and  therefore,  a  greater 
potential  for  the  exposed  embryos  to  be  deformed  in 
the  absence  of  lethality.^  Amaranth  and  aspartame 
possess  low  TI  values,  thus  showing  little  separation 
in  mortality  and  malformation  curves  presented  as 
Figure  1.  Pseudoephedrine,  methotrexate,  and 
5-azacytidine  represent  compounds  with  increasing 
separation  in  the  curves,  and  thus  increasing  TI 
values.  However,  it  is  also  necessary  to  consider  the 
types  and  severity  of  terata,  since  all  chemicals  are 
potential  teratogens  if  administered  in  appropriate 

1  7 

doses  at  sensitive  stages  of  development.-^ 

Compounds  with  TI  values  <1.5  may  still  pose  a  hazard 
to  developing  organisms,  possibly  as  embryotoxins. 

The  MCIG  (expressed  as  %  compound  LC50)  has  also 
proven  useful  in  assessing  developmental  toxicity.^” 

Dawson  et  al.^  suggest  that  compounds  possessing 


276 


BANTLE  ET  AL. 


significant  teratogenic  potential  generally  inhibit 
growth  at  concentrations  <30%  of  the  respective  LC50 
values.  Both  5-azacytidine  and  methotrexate  inhibited 
growth  at  <30%  of  the  LC50,  whereas  pseudoephedrine , 
aspartame,  and  amaranth  caused  inhibition  between  38% 
and  150%  of  each  particular  LC50.  In  addition,  rates 
of  growth  inhibition  (i.e.  slope)  and  the  overall 
reduction  in  embryo  growth  increase  with  the  TI  value. 
Growth-inhibition  curves  presented  as  Figure  2  reflect 
this  phenomenon. 

Evaluation  based  on  this  method  suggest  that 
methotrexate,  5-azacytidine,  and,  possibly, 
pseudoephedrine  have  the  potential  to  be  teratogenic. 
Amaranth  and  aspartame  produced  low  TI  values,  had  no 
profound  effect  on  embryo  growth,  and  induced 
relatively  few  a.  omalies  only  at  high  concentrations. 
Thus,  amaranth  or  aspartame  do  not  pose  a  teratogenic 
hazard. 

Results  from  this  study  are  in  agreement  with 
current  mammalian  literature,  with  the  possible 
exception  of  pseudoephedrine.  Although  surveys^®  have 
reported  cases  of  malformed  human  infants  born  to 
mothers  using  decongestants  containing 
pseudoephedrine,  results  are  clouded  by  the 
simultaneous  administration  of  multiple  other  drugs. 
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including  foam  contraceptives.  Thus,  pseudoephedrine 
has  not  been  conclusively  shown  to  be  a  human 
teratogen. We  are  currently  testing 
pseudoephedrine  with  metabolic  activation  system^~^^ 
to  determine  if  the  positive  results  of  the  in  vitro 
assay  may  be  attributed  to  the  lack  of  maternal 
metabolism. 

Neither  amaranth^  nor  aspartame^ has 
been  shown  to  be  teratogenic  in  mammals  or  humans. 
Malformations  observed  in  mammalian  systems  with 
5-azacytidine  and  methotrexate  are  similar  to  those 
observed  in  Xenopus  in  this  study.  S-azacytidine  has 
been  shown  to  induce  exencephaly,  anencephaly,  and  eye 
defects  in  both  rat^^  and  mouse^®  fetuses.  Brain 
malformations  have  also  been  observed  in  rats 
subjected  to  azaguanine.  The  concentration-response 
data  for  5-azacytidine  proved  to  be  somewhat  variable 
and  it  was  not  possible  to  generate  an  EC50 (malforma¬ 
tion)  .  However,  all  tests  performed  indicated  that 
5-azacytidine  was  a  strong  teratogen.  Methotrexate 
exposure  caused  skeletal,  palate,  and  brain  anomalies 
in  mammals.®®”®^  Defects  observed  in  humans  include 
absence  of  frontal  bones  and  digits,  as  well  as, 
premature  cranio-synostosis.®^ 
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Similarities  in  the  results  of  aspartame  tests 
conducted  with  and  without  penicillin-streptomycin 
suggested  that  no  potentiation  or  antagonism  of 
developmental  toxicity  was  caused  by  antibiotic 
supplementation . 

Results  of  FETAX  tests  with  these  five  compounds 
indicated  5-azacytidine  and  methotrexate  have  strong 
teratogenic  potential.  Pseudoephedrine  has  the 
potential  to  be  teratogenic,  but  results  were  not  as 
convincing  as  those  for  5-azacytidine  and 
methotrexate.  Amaranth  and  aspartame  displayed  little 
or  no  teratogenic  potential.  Including  this  study, 
FETAX  tests  in  this  laboratory  on  28  compounds  have 
produced  six  false  results  (79%).^”®'^^  With  the 
exogenous  metabolic  activation  system,  FETAX  has 
correctly  predicted  12  of  13  compounds  tested  (92%) 
for  a  combined  predictive  accuracy  of  89%. 

Results  obtained  warrant  further  evaluation  of  FETAX 
for  the  rapid  screening  of  developmental  toxicants. 

ACKNOWLEDGMENTS 

The  authors  wish  to  thank  Mendi  Hull  for 
assistance  in  the  preparation  of  this  manuscript  and 
Deanne  Fort,  P.K.  Work,  and  Brenda  James  for  their 
technical  assistance  during  this  project.  This  work 
was  supported  by  the  U.S.  Army  Research  and 


FURTHER  VALIDATION  OF  FETAX 


279 


Development  Command  under  Contract  No.  DAMD17-88-C- 
8031  and  a  grant  from  the  University  Center  for  Water 
Research  at  O.S.U.  to  D.J.F.  was  the 

recipient  of  a  Presidential  Research  Fellowship  in 
Water  Resources  from  O.S.U. 

The  opinions,  interpretations,  conclusions,  and 
recommendations  are  those  of  the  authors  and  are  not 
necessarily  endorsed  by  the  U.S.  Army.  The 
investigators  adhered  to  the  “Guide  for  the  Care  and 
Use  of  Laboratory  Animals",  prepared  by  the  Committee 
on  Care  and  'Use  of  Laboratory  Animals  of  the  Institute 
of  Laboratory  Animal  Resources,  National  Research 
Council  (NIH  Publication  No.  86-23,  revised  1985). 

REFERENCES 

1.  N.A.  Brown,  Arch.  Toxicol.  Suppl.,  11,  105  (1987). 

2.  J.N.  Dumont,  T.W.  Schultz,  M.V.  Buchanan  and  G.O. 
Kao,  in  "Symposium  on  the  Application  of  Short¬ 
term  Bioassays  in  the  Analysis  of  Complex 
Mixtures  III,"  M.D.  Waters,  S.S.  Sandhu,  J. 

Lewtas,  L.  Claxton,  N.  Chernoff  and  S.  Nesnow 
eds..  New  York,  1982,  p.  393. 

3.  C.L.  Courchesne  and  J.A.  Bantle,  Teratogenesis 
Carcinog.  Mutagen.,  5,  177  (1985). 

4.  D.A.  Dawson  and  J.A,  Bantle,  J.  Appl.  Toxicol., 

7,  237  (1987). 


280 


BANTLE  ET  AL. 


5.  D.A.  Dawson,  D.J.  Fort,  D.L.  Newell  and  J.A. 
Bantle,  Drug  Chem.  Toxicol.,  12,  67  (1989). 

6.  D.A.  Dawson,  C.A.  McCormick  and  J.A.  Bantle,  J. 
Appl.  Toxicol.,  5,  234  (1985). 

7.  D.A.  Dawson,  E.F.  Stebler,  S.L.  Burks  and  J.A. 
Bantle,  Environ.  Toxicol.  Chem.,  7,  27  (1988). 

8.  J.A.  Bantle,  D.J.  Fort  and  B.L.  James, 
Hydrobiol.,  188/189,  577  (1989). 

9.  D.J.  Fort,  D.A.  Dawson  and  J.A.  Bantle, 
Teratogenesis  Carcinog-  Mutagen.,  8,  251  (1988). 

10.  J.A.  Bantle  and  D.A.  Dawson,  in  "Aquatic 
Toxicology  and  Hazard  Assessment,"  10th  Vol., 
W.J.  Adams,  G.A.  Chapman  and  W.G.  Landis,  eds., 
ASTM  STP  971,  American  Society  for  Testing  and 
Materials,  Philadelphia,  1988,  p.  316. 

11.  D.J.  Fort,  B.L.  James  and  J.A.  Bantle,  J.  Appl. 
Toxicol.,  9,  377  (1989). 

12.  D.J.  Fort  and  J.A.  Bantle,  Teratogenesis 
Carcinog.  Mutagen,  in  press. 

13.  D.A.  Dawson,  D.J.  Fort,  G.L.  Smith  and  J.A. 
Bantle,  Teratogenesis  Carcinog.  Mutagen.  8,  329 
(1988)  . 

14.  D.J.  Fort  and  J.A.  Bantle,  Fund.  Appl.  Toxicol., 
in  press. 

15.  P.D.  Nieuwkoop  and  J.  Faber,  "Normal  Tables  of 


FURTHER  VALIDATION  OF  FETAX 


281 


Xenopus  laevis  (Daudin),”  North-Holland, 
Amsterdam,  1975. 

16.  R.J.  Tallarida  and  R.B.  Murray,  "Manual  of 
Pharaacological  Calculations  with  Computer 
Programs,"  Springer-Verlag,  New  York,  1980, 
p.  83 . 

17.  D.A.  Karnofsky,  in  "Teratology:  Principles  and 
Techniques,"  J.G.  Wilson  and  J.  Warkany,  eds., 
1965,  p.  185. 

18.  S.B.  Turkel,  A.L.  Iseri  and  A.O.  Fugimoto,  Am. 

J.  Dis.  Child.,  134,  42  (1980). 

19.  H.  Jick,  L.B.  Holmes,  J.R.  Hunter,  S.  Madsen  and 
A.  Stergachis,  J.  Am.  Med.  Assoc.,  246,  343 
(1981) . 

20.  O.P.  Heinomen,  D.  Slone  and  S.  Shapiro,  in  "Birth 
Defects  and  Drugs  in  Pregnancy,"  Publishing 
Sciences  Group  Inc.,  Litton,  MA,  1977,  p.  267. 

21.  A. I.  Shtenberg  and  E.V.  Gavrilenko,  Vopr.  Pitan., 
29,  66  (1970). 

22.  T.F.X.  Collins  and  J.  McLaughlin,  Food  Cosmet. 
Toxicol.,  11,  355  (1973). 

23.  J.F.  Holson,  T.B.  Gaines,  H.J.  Schumacher  and 
M.F.  Cramer,  Toxicol.  Appl.  Pharmacol.,  33,  122 
(1975) . 


282  BANTLE  ET  AL. 

24.  J.B.  Kronick,  D.T.  Whelan  and  D.J.  McCallion, 
Teratology,  36,  245  (1987). 

25.  L.D.  Stegink,  L.J.  Filler,  G.L.  Baker  and  J.E. 
McDonnell,  J.  Nutr.,  110,  2216  (1980). 

26.  R.E.  Ranney,  S.E.  Mares,  R.E.  Shroeder,  T.C. 
Hutsell  and  F.M.  Radzialowski,  Toxicol.  Appl. 
Pharmacol.,  32,  339  (1975). 

27.  I.  Takeuchi  and  U.  Murakami,  Teratology,  18,  143 
(1978)  . 

28.  J.B.  Thiersch,  in  "Ciba  Foundation  Symposium  on 
Congenital  Malformations,”  G.E.W.  Wolstenholme 
and  C.M.  O'Conner,  eds.,  1960,  p.  111. 

29.  W.  Schmahl,  Teratology,  18,  143  (1978). 

30.  R.G.  Salko  and  M.P.  Gold,  Teratology,  9,  159 
(1974)  . 

31.  J.G.  Wilson,  W.J.  Scott,  E.J.  Ritter,  R.  Fradkin, 
Teratology,  19,  71  (1979). 

32.  A.  Milunsky,  J.W.  Graef  and  M.F.  Gaynor,  J. 
Pediatr.,  72,  790  (1968). 

33.  J.A.  Bantle,  D.J.  Fort  and  D.A.  Dawson,  in 
"Aquatic  Toxicology  Hazard  Assessment,"  12th 
Vol.,  U.M.  Cowgill  and  L.R.  Williams,  eds.,  ASTM 
STP  1027,  American  Society  for  Testing  and 
Materials,  Philadelphia,  1988,  p.  46. 


Synergism  and  Antagonism  Induced  by  Three  Carrier 
Solvents  with  t-Retinoic  Acid  and  6-Aminonicotinamide  using 
FETAX 

J.R.  Rayburn^,  D.J.  Fort^,  R.  McNew^,  and  J.A.  Bantle^ 

^Department  of  Zoology,  Oklahoma  State  University, 
Stillwater,  Oklahoma  74078,  USA.  ^Agricultural 
Statistics  LeOsoratory,  University  of  Arkansas, 
Fayetteville,  Arkansas  72701,  USA. 


The  large  number  of  water-insoluble  chemicals  requiring  toxicity  testing  necessitates  the 
development,  validation  and  use  of  chemical  cosolvents.  Carrier  solvents  (cusolvents), 
such  as  dimethylsuifoxide  (OMSO),  acetone,  and  triethylene  glycol  (TG),  are  commonly 
used  to  solubilize  hydrophobic  compounds  (Yalkowsky  1981).  However,  the  use  of 
solvents  with  Iq  vitro  bioassays  may  alter  the  developmental  toxicity  of  test  materials. 
Solvents  interact  with  other  compounds  to  change  rates  of  reactions,  membrane  poten¬ 
tials,  mutagenic  activity,  and  many  other  cell  processes  (Coetzee  and  Ritchie  1 969; 
Nemethy  1986;  Demey  et  ai.  1983;  Gichner  and  Veleminsky  1987).  For  this  reason 
solvent-compound  interaction  studies  were  performed  to  determine  if  tho  developmental 
toxicity  of  test  materials  was  altered. 

The  Frog  Embryo  Teratogenesis  Assay-Xenopus  (FETAX),  formally  described  by  Dumont 
et  al.  (1983),  is  a  96-hr  bioassay  which  determines  relative  teratogenic  hazard.  Several 
labs  have  evaluated  compounds  as  well  as  environmental  mixtures  with  FETAX 
(Courchesne  and  Bantle  1 985;  Dawson  and  Bantle  1 987a;  Dumont  et  al.  1 983;  Sabourin 
and  Faulk  1 987;  Dawson  et  al.  1 985).  Fort  et  al.  (1 989)  have  also  developed  and  evaluated 
an  exogenous  metabolic  activation  system  for  FETAX.  The  purpose  of  these  experiments 
was  to  determine  whether  carrier  solvents  interacted  with  the  teratogens  t-retinoic  acid  and 
6-aminonicotinamide  to  affect  survival,  development  and  growth  ofxenopus  laavis 
embryos. 

MATERIALS  AND  METHODS 

Animal  care  and  breeding  were  performed  according  to  Bantle  et  al.  (1989).  FETAX 
solution  (Dawson  and  Bantle  1 987b)  which  is  composed  of  625  mg  NaCI,  96  mg  NaHCO^, 
30  mg  KCI,  1 5  mg  CaClj,  60  mg  CaSO^*2H ^0,  and  75  mg  MgSO^  per  L  was  used  as  the 
diluent  for  all  experiments.  For  each  concentration-response  test,  two  groups  of  25 
embryos  each  were  placed  in  60  X 1 5  mm  glass  Petri  dishes  containing  a  total  of  1 0  mL  of 
solution.  Four  groups  of  25  embryos  each  were  used  as  controls  for  each  test.  Each 
experiment  followed  standard  methods  of  test  operation  and  embryo  evaluation  according 
to  Bantle  et  al.  (1989). 

One  range  and  three  definitive  experiments  determined  the  96-hr  LC50,  96-hr  EC50 
(malformation),  Teratogenic  Index  (Tl)  (96-hr  LC50/  96-hr  EC50)  and  Minimum  Concen¬ 
tration  to  Inhibit  Growth  (MCIG)  for  three  solvents  and  two  teratogens.  The  solvents  were 
dimethylsuifoxide  (DMSO)  (CAS#  67-68-5;  Sigma  Chemical  Co.,  St.  Louis,  Missouri) 
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acetone  (CAS#  67-64-1 ;  Fisher  Scientific,  Houston,  Texas),  and  triethyiene  giycoi  (TG) 
(CAS#  112-27-6;  Aldrich  Chemical  Co.,  Milwaukee,  Wisconsin).  The  teratogens  obtained 
from  Sigma  were  trans-retinoic  acid  (f^)  (CAS#  302-79-4)  and  6-aminonicotinamide  (6- 
AN)  (CAS#  329-89-5).  The  96-hr  LC25  and  LCSO,  and  96-hr  EC25  and  EC50  (malforma¬ 
tion)  were  determined  using  the  Litchfield-Wilcoxon  probit  analysis  computer  program  part 
of  the  the  Manual  of  Pharmacologic  Calculations  (Tailarida  and  Murray  1980).  Dunnett's 
test  was  used  to  determine  the  MCIG  and  No  Observable  Effect  Concentrations  (NOEC). 
This  data  was  used  in  determining  test  concentrations  for  the  solvent-compound  interac¬ 
tion  study. 

Two  concentrations  for  each  solvent  and  test  material  were  selected.  The  two  solvent 
concentrations  were  the  NOEC  and  96-hr  EC25.  The  NOEC  Is  the  highest  cosolvent 
concentration  used  in  FETAX.  The  96-hr  EC2S  was  chosen  in  order  to  positively  identify 
any  interactions  that  might  be  taking  place  that  were  not  observable  at  lower  concentra¬ 
tions.  The  6-AN  and  RA  concentrations  were  the  96-hr  EC25  and  96-hr  LC25.  These 
concentrations  allowed  for  examination  of  the  effects  on  both  maifonnation  and  mortality. 
Both  6-AN  and  RA  were  soluble  at  these  concentrations  without  the  solvents. 

The  interaction  experiments  contained  individual  treatments  for  ail  concentrations  and  the 
interaction  treatments  for  one  solvent  and  one  teratogen  per  experiment.  The  nine 
treatments  were:  1)  FETAX  solution  controls,  2)  EC25  of  teratogen,  3)  LC25  of  teratogen, 
4)  NOEC  level  of  solvent,  5)  EC2S  of  solvent  6)  EC25  of  teratogen  &  NOEC  of  solvent,  7) 
EC2S  of  teratogen  &  EC25  of  solvent,  8)  LC2S  of  teratogen  &  NOEC  of  solvent,  and  9) 
LC25  of  teratogen  &  EC25  of  solvent.  Ail  experiments  contained  four  replicates  of  25 
embryos  each  per  treatment  The  analysis  of  solvent-teratogen  interactions  represented 
three  pooled  experiments  using  three  different  breeding  pairs.  Every  24  hrs  dead  embryos 
were  removed  and  solutions  changed.  After  96  hrs  of  exposure,  embryos  were 
anesthetized  with  3'Aminobenzoic  Acid  Ethyl  Ester  (MS-222)  (CAS#  El -052-1 ;  Sigma)  and 
the  number  malformed  recorded.  The  larvae  were  then  killed  with  0.7%  (w/v)  formalin  so 
that  head-tail  length  (growth)  could  be  measured. 

ANOVA  was  used  to  determine  differences  from  theoretical  additive  values  for  mortality, 
malformation  and  growth  according  to  Steel  and  Torrie  (1980).  Values  were  determined 
by  partitioning  the  sum  of  squares  for  the  interaaions  on  mortality  and  malformation  using 
the  statistical  software  systat  (Wilkinson  1989).  Growth  interactions  were  determined  in 
the  same  manner  with  the  Statistical  Analysis  System  (SAS).  Effects  on  the  Tl  were 
inferred  from  the  shifts  of  the  mortality  and  malformation  curves. 

RESULTS  AND  DISCUSSION 

Compounds  were  considered  to  pose  teratogenic  hazard  when  the  Tl  >  1.5  (Bantle  et  al. 
1989;  Dawson  et  al.  1989).  The  Tl  represents  the  separation  between  the  mortality  and 
malformation  curves.  If  a  synergistic  or  antagonistic  response  altered  a  Tl,  false 
conclusions  regarding  teratogenic  hazard  could  result 

Preliminary  work  revealed  that  all  solvents  caused  effects  at  2.0%  (v/v)  concentrations. 
Acetone  had  the  highest  Tl  of  the  solvents  followed  by  DMSO  and  then  TG  (Table  1). 
NOEC  levels  for  DMSO,  Acetone  and  TG  were  1%  (v/v)  for  malformation,  0.9%  (v/v)  for 
malformation,  and  1.7%  (v/v)  for  growth,  respectively.  The  96-hr  EC25  (malformation)  for 
DMSO,  Acetone  and  TG  were  1.2%  (v/v),  1.0%  (v/v),  and  2.0%  (v/v). 

Both  6-AN  and  RA  caused  teratogenic  effects  in  FETAX  and  6-AN  had  a  much  higher  Tl 
(Table  1).  Mammalian  literature  supports  the  classification  of  RA  and  6-AN  as  teratogens 
(Schardein  et  al.  1967;  Chamberlain  1966;  Kochhar  1975;  Lammer  et  al.  1985).  The  96-hr 


EC2S  (malfonnation),  and  ge-hr  LC2S  for  each  teratogen  were  as  follows:  Retinoic  acid 
was  0.02  mg/L  and  0.25  mg/L;  6-amlnonlcotlnamlde  was  2  mg/L  and  2500  mg/L 

Table  1.  96-hr  LC50,  96-hr  EC50 (malformation),  Teratogenic  Index 
(TI)^,  and  Minimum  Concentration  to  Inhibit  Growth  (MCIG)  for 
Dimethyl  sulfoxide  (DMSO),  Acetone,  Triethylene  glycol  (TG), 

Retinoic  Acid  (RA)  and  6-ami nonicotinaraide  {6-AN). 


Compound 
_ Mai 

96-hr  LC50 

96hr  ECSO 

TI 

NCIG 

DMSO^ 

1 

1.81(1. 75-1.87<^) 

1.4  (1.32-1.48) 

1.3 

1.3 

2 

1.77(1.61-1.95) 

1.29(1.25-1.33) 

1.4 

1.7 

3 

1.86(1.4-2.3) 

1.24(0.83-1.8) 

1.5 

1.5 

Acetone^ 

1 

2.16(2.07-2.25) 

1.4  (1.29-1.43) 

1.6 

1.8 

2 

2.49(2.10-2.95) 

1.4  (1.04-1.36) 

1.8 

1.5 

3 

1.92(1.90-2.14) 

1.06(0.91-1.17) 

1.83 

1.0 

TG^^ 

1 

2.4  (2.02-2.85) 

2.0  (2.01-2.13) 

1.2 

1.8 

2 

2.75(2.70-2.82) 

2.4  (2.37-2.45) 

1.1 

1.8 

3 

2.19(2.19-2.32) 

2.05(1.99-2.11) 

1.07 

1.7 

RA^ 

1 

0.25(0.22-0.28) 

0.024(0.018-0.031) 

10.4 

0.06 

2 

0.50(0.46-0.61) 

0.044(0.032-0.060) 

11.4 

0.08 

6-AN<^  ® 

1 

3190(3000  3400) 

5. 3(2. 5-7. 5) 

602 

100 

2 

2950(2800-3100) 

5. 7(5. 3-6. 2) 

518 

NA 

J  TI  »  96-hr  LC50/96-hr  EC50  (malformation). 

°  Concentrations  expressed  as  %  (v/v). 

^  95%  confidence  limits. 

^  Concentrations  expressed  as  mg/L. 

®  Data  from  Dawson  et  al.  (1989). 

Tables  2  and  3  show  the  treatment  effects  for  each  of  the  six  solvent  interaction  experi¬ 
ments.  Control  malformation  and  mortality  generally  were  less  than  8%  except  for  two 
experiments  (Tables  2  and  3).  Table  3  revealed  that  2500  mg/L  6-AN  was  not  the  LC25 
but  was  actually  closer  to  the  LC50.  The  reason  for  these  discrepancies  may  be  attributed 
to  an  antibiotic  used  by  Dawson  et  al.  (1989)  to  control  bacterial  growth  and  in  the  present 
study  no  antibiotic  treatments  were  used.  Because  the  values  for  solvent  and 
compounds  often  varied  due  to  different  breeding  pairs,  the  values  were  kept  discrete  for 
each  experiment.  For  example,  DMSO  at  1 .2%  (v/v)  should  have  caused  25  percent 
malformation.  The  retinoic  acid  experiment  (Tabie  2)  showed  20.9%  malformation  for 
1.2%  (v/v)  DMSO,  and  the  6-aminonicotinamide  (Table  3)  showed  28.3%  malformation  for 
1.2%  (v/v)  DMSO. 

Effects  on  iength  were  not  different  from  additive  values  at  p  =  0.05.  Therefore,  none  of 
the  cosolvents  affected  embryo  growth  in  a  synergistic  or  antagonistic  manner. 

The  interaction  resuits  for  RA  combined  with  DMSO  (Figure  1)  showed  that  mortality 
increased  significantiy  at  p  ^  o.ooi.  DMSO  at  1%  (v/v)  and  1.2%  (v/v)  concentrations 
with  0.25  mg/L  RA  increased  mortality  by  34.3%  and  47.3%,  respectively.  Because 


malformation  of  DMSO  with  RA  was  not  significantiy  different  at  either  concentration,  the 
synergistic  effect  on  mortality  should  cause  the  moruyity  curve  to  shift  to  the  left  (reducing 
the  9&4ir  LCSO).  DMSO  addition  would  reduce  the  T!  for  RA. 


Table  2.  Interactive  effects  on  nxsrtallty,  malformation,  and  growth  Inhibition  caused  by 
the  solvents  and  retinoic  acid  (RA). 


Treataent*  Mortality  Halfonntlon  Mean  Length 


No. 

(X) 

No. 

(X) 

(ms) 

FETAX  soln. 

Control 

11 

(3.7  i 

1.43**) 

12 

(4.2  +  0.77) 

9.61  *  0.064 

DMSO®  RA*^ 

l.OX 

11 

(3.7  i 

0.77) 

29 

(10. 1  +  1.53) 

9.44  *  0.092 

1.2X 

22 

(7.3  1 

1.76) 

58 

(20.9  t  0-94) 

9.17  t  0.064 

0.02 

18 

(6.0  i 

1.15) 

65 

(23.0  ±  3.58) 

9.58  t  0.081 

0.25 

64 

(21.3  ± 

6.86) 

236 

(100.0) 

7.06  t  0.381 

l.OX  0.02 

13 

(4.3  + 

1.25) 

104 

(36.3  t  6.06) 

9.15  ±  0.098 

I.2X  0.02 

IS 

(5.0  > 

1.31) 

111 

(38.9  1  3.61) 

9.10  t  0.069 

l.OX  0.25 

167 

(55.7  i 

7.95) 

133 

(100.0) 

6.55  +  0.305 

1.2X  0.25 

217 

(72.3  i 

9.84) 

83 

(100.0) 

6.25  t  0.460 

FETAX  soln. 

Control 

6 

(2.0  t 

0.78) 

14 

(4.7  ±  1.54) 

9.54  t  0.046 

Acetone®  RA^ 

0.9X 

9 

(3.0  i 

1.22) 

31 

(10.6  i  1.62) 

9.04  i  0.061 

l.OX 

13 

(4.3  i 

1.25) 

65 

(22.7  i  1.12) 

8.94  t  0.087 

0.02 

12 

(4.0  i 

1.21) 

93 

(32.2  t  5.49) 

9.17  i  0.087 

0.25 

87 

(29.0  i 

7.45) 

213 

(100.0) 

6.33  +  0.352 

0.9X  0.02 

17 

(5.7  i 

1.04) 

145 

(51.1  t  5.18) 

8.89  i  0.066 

l.OX  0.02 

18 

(6.0  i 

2.25) 

251 

(89.2  i  4.94) 

8.61  i  0.098 

0.9X  0.25 

132 

(44.0  i 

9.86) 

168 

(100.0) 

6.20  i  0.211 

l.OX  0.25 

120 

(40.0  + 

11.79) 

180 

(100.0) 

6.11  i  0.140 

FETAX  soln. 

Control 

23 

(7.7  i 

2.9) 

22 

(7.9  i  0.67) 

9.36  t  0.061 

TG®  RA'* 

1.7X 

35 

(11.7  i 

2.53) 

58 

(22.1  i  2.68) 

8.28  i  0.144 

2. OX 

27 

(9.0  i 

2.04) 

94 

(34.5  i  2.76) 

8.31  i  0.234 

0.02 

20 

(6.7  i 

2.22) 

68 

(24.5  +  1.62) 

9.17  i  0.061 

0.25 

54 

(18.0  i 

4.89) 

246 

(100. 0) 

7.32  +  0.237 

1.7X  0.02 

26 

(8.7  + 

2.78) 

100 

(36.4  +  3.72) 

8.43  i  0.199 

2. OX  0.02 

25 

(8.3  i 

2.78) 

131 

(47.7  +  4.76) 

8.32  i  0.210 

1.7X  0.25 

115 

(38.3  i 

9.99) 

185 

(100.0) 

6.20  +  0.390 

2. OX  0.25 

139 

(46.3  i 

11.11) 

161 

(100.0) 

6.48  +  0.498 

a 

b 


N  for  all  treatments  equaled  300  embryos,  12  dishes  of  25  embryos  each. 
Standard  Error 


^  Concentrations  are  v/vX. 
^  Concentrations  are  mg/L 


TG  «  Tri ethylene  Glycol 


DMSO  «  Dimethyl  sulfoxide 


RA  in  the  presence  of  acetone  (Figure  1)  significantly  increased  malformation  by  38.5% 


with  1%  (v/v)  acetone  and  0.02  mg/L  RA  while  not  changing  the  mortality  at  1%  acetone 
and  0.25  mg/L  RA.  The  synergistic  shift  of  the  malformation  concentration- 
response  curve  to  the  left  (reducing  the  96-hr  ECSO)  would  increase  the  Ti  with 
acetone  at  the  1%  (v/v)  level.  There  were  no  significant  effects  at  the  0.9%  (v/v)  level 
(NOEC)  of  acetone. 

Table  3.  Interactive  effects  on  mortality,  malformation  and  growth  Inhibition  caused  by 
the  solvents  and  S-amlnonlcotlnamlde  (6-AN). 


Treataant*  Mortal Ity  Malfonaotion  Mean  Length 

No.  (X)  No.  (X)  (Ha) 


FETAX  soln. 
Control 

12 

(4.0  ±  1.39**) 

26 

(8.9  t  2.10) 

9.51  i  0.115 

DMSO® 

l.OX 

G-AN*^ 

14 

(4.7  i  1.69) 

43 

(15.0  ±  1.70) 

9.55  1  0.124 

1.2X 

25 

(8.3  i  2.97) 

78 

(28.3  1  3.11) 

9.60  ±  0.144 

2.0 

12 

(4.0  i  1.30) 

71 

(24.8  +  1.80) 

9.77  1  0.064 

2500 

150 

(50.0  i  5.34) 

150  (100.0) 

6.70  t  0-063 

l.OX 

2.0 

18 

(6.0  t  1.94) 

94 

(33.4  i  4.41) 

9.71  +  0.167 

1.2X 

2.0 

19 

(6.3  t  2.43) 

132 

(46.9  i  6.84) 

9.56  +  0.124 

l.OX  2500 

1.2X  2500 

FETAX  soln. 
Control 

300(100.0) 

300(100.0) 

7  (2.3  t  1.25) 

15 

(5.1  1  0.74) 

9.72  *  0.084 

Acetone' 

0.9X 

=  6-AN® 

11 

(3.7  t  1.04) 

43 

(’5.0  1  1.26) 

9.43  i  0.072 

l.OX 

20 

(6.7  +  2.16) 

74 

(26.6  i  1.61) 

9.17  ±  0.061 

2.0 

10 

(3.3  t  l<46) 

70 

(24.2  1  1.23) 

9.76  1  0.075 

2500 

167 

(55.7  i  8.76) 

133 

(100.0) 

6.06  t  0.182 

0.9X 

2.0 

25 

(8.3  i  2.89) 

75 

(27.2  i  1.06) 

9.29  t  0-098 

l.OX 

2500 

11 

(3.7  +  1.04) 

135 

(46.8  i  2.87) 

9.10  +  0.058 

0.9X 

2.0 

288 

(96.0  i  1.21) 

12 

(100.0) 

6.08  ±  0.084 

l.OX 

2500 

29-1 

(98.0  i  1.15) 

6 

(100.0) 

5.84  i  0.055 

FETAX  soln. 
Control 

29 

(9.7  i  2.97) 

17 

(6.5  +  1.45) 

9.44  i  0.136 

TG® 

1.7X 

6-AN® 

52 

(17.3  i  6.35) 

.40 

(16.0  i  2.42) 

9.00  i  0.156 

2. OX 

57 

(19.0  i  6.44) 

113 

(46.6  +  4.11) 

8.60  +  0.202 

2.0 

26 

(8.7  i  3.18) 

57 

(20.9  i  1.36) 

9.50  i  0.181 

2500 

209 

(69.7  i  9.98) 

91 

(100.0) 

6.69  i  0.147 

1.7X 

2.0 

64 

(21.3  +  6.27) 

168 

(71.4  i  7.47) 

8.60  1  0.240 

2. OX 

2.0 

33 

(11.0  i  5.10) 

218 

(81.6  t  4-14) 

8.40  +  0.240 

1.7X 

2500 

299 

(99.7  >  0.33) 

1 

(100.0) 

7.74 

2. OX 

2500 

300(100.0) 

°  N  for  all  treatments  equaled  300  embryos,  12  dishes  of  25  embryos  per  dish. 
Standard  Error 

°  Concentrations  expressed  as  X  (v/v). 

Concentrations  expressed  as  mg/L. 

TG  «  Tn ethylene  Glycol 
OMSO  >  Dimethyl  sulfoxide 
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MALFORMATION 
,2.0  MG/L  6-AN 

Rgure  1.  Cosolvent-induced  synergism  or  antagonism 
tion  endpoints  for  retinoic  acid  (RA). 
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MORTAUTY 
2500  MG/L  6-AN 
in  FETAX  mortality  and  malforma- 


Rgure  2.  Cosolvent-induced  synergism  or  antagonism  in  FETAX  mortality  and  malforma¬ 
tion  endpoints  for  6-aminonicotinamide  (6-AN). 


Zero  value  represents  the  expected  additive  effect  for  the  solvent  and  test  compound. 

Error  bars  are  the  standard  error  of  the  actual  mean  effect  for  the  solvent  and  test 
compound.  *  *  significantly  different  at  the  p»0.05  and  **  =  significantly  different  at 
p=0.001.  Solvents  are  Dimethyt  Sulfoxide  (DMSO),  Acetone  (AC)  and  Triethylene  Glycol 
(TG).  Significant  interaction  accounts  for  variation  between  experiments  and  is  why  two 
close  v^ues  are  significantly  different. 

TG  with  RA  had  effects  on  both  malformation  and  mortality  (Figure  1).  Malformation  with 
2.0%  (v/v)  TG  and  0.02  mg/L  RA  reduced  the  additive  value  by  7%  at  p  =  0.059.  Mortality 
rates  of  1.7%  (v/v)  TG  and  2.0%  (v/v)  TG  with  0.25  mg/L  RA  increased  the  additive  values 


by  12.3%  and  23%  respectively.  The  antagonistic  shift  of  the  malformation  curve  to  the 
right  (increasing  the  96-hr  EC50)  and  the  synergistic  shift  of  the  mortality  curve  to  the  left 
(decreasing  96-hr  LC50)  would  produce  a  reduced  TI. 

DMSO  combined  with  6-AN  synergistically  increased  mortaiib/  rates  at  both  levels  of  the 
solvent  at  p  =>  0.001  (Figure  2).  The  increase  in  mortality  fir  >  %  (v/v)  DMSO  and  1 .2% 
(v/v)  with  2500  mg/L  6-AN  was  49.3%  and  45.7%,  respectively.  The  mortality  curve  would 
shift  to  the  left,  decreasing  the  96-hr  LC50  and  reducing  the  TI. 

Acetone  tested  with  6-AN  had  significant  effects  at  p  <  -  0.05  for  both  malformation  and 
mortality  (Rgure  2).  The  malformation  decreased  with  0.9%  (v/v)  acetone  and  2  mg/L  6- 
AN  by  6.8%.  However,  the  1.0%  (v/v)  acetone  with  2  mg/L  6-AN  Increased  malformation 
by  only  1.2%.  The  mortality  caused  by  acetone  with  6-AN  increased  for  0.9%  (v/v) 
acetone  and  1  %  (v/v)  acetone  with  2500  mg/i  6-AN  by  39%  and  38%  respectively. 
Because  the  synergistic  increase  in  mortality  (reducing  the  96-hr  LC50)  outweighed  the 
antagonistic  effects  on  malformation,  the  Tt  should  be  reduced. 

TG  in  the  presence  of  6-AN  significantly  increased  both  malformation  and  mortality  at  p 
<  =0.05  (Rgure  2).  TG  at  1.7%  (v/v)  and  2%  (v/v)  combined  with  2  mg/L  6-AN  increased 
malformation  by  34.5%  and  14.2%  respectively.  Mortality  increased  for  1.7%  (v/v)  TG  and 
2.0%  (v/v)  with  2500  mg/L  6-AN  by  1 2.7%  and  1 1 .3%  respectively.  Both  mortality  and 
malformation  were  both  increased  by  approximately  (reducing  both  the  96-hr  LC50  and 
96-hr  EC50)  the  same  amount  thus  Tt  should  not  change  appreciably. 

Malformation  caused  by  all  interaction  treatments  did  not  produce  new  or  different  types  of 
malformation.  All  malformations  were  the  same  type  as  seen  in  the  individual  control 
treatments  of  each  teratogen  and  solvent  The  differences  were  in  the  magnitude  of  the 
response  and  number  of  the  malformations. 

The  solvents  tested  generally  caused  synergistic  effects  with  RA  or  6-AN  in  FETAX. 
Mortality  exhibited  the  greatest  response  to  combined  treatments  while  malformation  was 
less  affected  and  growth  was  unaffected.  Interestingly,  Malformation  and  growth  inhibition 
are  more  sensitive  endpoints  than  mortality.  These  results  point  out  the  need  to  consider 
the  possibility  of  interactions  for  each  endpoint  separately  and  the  necessity  of  using 
minimal  solvent  concentration.  These  interactions  would  probably  cause  problems  with  all 
jn  vitro  aquatic  bioassays.  Therefore  other  methods  of  solubilizing  insoluble  material 
needs  investigation. 

Acknowledgments.  This  work  was  supported  by  Oklahoma  Center  for  the  Advancement 
of  Science  and  Technology  #HR8-3332  and  the  U.S.  Army  Medical  Research  and  Devel¬ 
opment  Command  under  Contract  No.  DAMD17-88-C-8031.  Opinions,  interpretations, 
conclusions  and  recommendations  are  those  of  the  author  and  are  not  necessarily 
endorsed  by  the  U.S.  Army.  In  conducting  research  using  animals,  the  investigator 
adhered  to  the  "Guide  for  the  Care  and  Use  of  Laboratory  Animals."  prepared  by  the 
Committee  on  care  and  Use  of  Laboratory  Animals  of  the  Institute  of  Laboratory  Re¬ 
sources,  National  Research  Council  (NIH  Publication  No.  86-23,  Revised  1985).  DJF  was 
the  recipient  of  a  Presidential  Fellowship  from  the  University  Center  for  Water  Research. 
We  thank  D.  DeYoung  and  M.  Hull  for  their  assistance  in  preparing  this  manuscript. 

REFERENCES 

Bantie  JA.  Fort  DJ,  James  BL  (1989)  Identification  of  development  toxicants  using  the  Frog 
Embryo  TeratogenesisAssay-Xenopus  (FETAX).  Hydrobiologia  188/189:577-585 
Chamberlain  JG  (1966)  Development  of  cleft  palate  induced  by  6-aminonicotinamide  late 
in  rate  gestation.  Anat  Rec  156:31-40 


Coetzee  JF,  Ritchie  CD  (1969)  Soiute-solvent  interactions.  Marcel  Oekker  Inc,  New  York 
Courchesne  CL,  Bantle  JA  (1985)  Analysis  of  the  activity  of  ONA,  RNA,  and  protein 
synthesis  inhibitors  on  Xenopus  embryo  development.  Teratogen,  Carcinogen 
Mutagen  5:177-193 

Dawson  DA,  Bantle  JA  (1 987a)  Coadministration  of  methixanthines  and  inhibitor  com¬ 
pounds  potentiates  teratogenicity  in  Xenopua  embryos.  Teratology  35:221-227 
Dawson  DA,  Bantle  JA  (1 987b)  Development  of  a  reconstituted  water  medium  and  pre¬ 
liminary  validation  of  the  Frog  Embryo  Teratogenesis  Assay-Xenopus  (FETAX).  J 
AppI  Toxicol  7(4):237-244 

Dawson  DA,  McCormick  CA,  Bantle  JA  (1 985)  Detection  of  teratogenic  substances  in 
acidic  mine  water  samples  using  Frog  Embryo  Teratogenesis  Assay-Xenopus 
(FETAX).  J  of  AppI  Toxicol  5(4):  234-244 

Dawson  DA,  Fort  DJ,  Newell  DL,  Bantle  JA  (1 989)  Developmental  toxicity  testing  with 
FETAX:  evaluation  of  five  compounds.  Drug  Chem  Toxicol,  12(1):67-75 
Demey  HE,  Daelemans  RA,  Verpooten  GA,  De-Broe  ME,  Van-Campenhout  CM  (1983) 
Propylene  glycol-induced  side  effects  during  intravenous  nitroglycerin  therapy. 
Intensive  Care  Med  14(3):221-226 

Dumont  JN,  Schultz  TW,  Buchanan  M,  Kao  G  (1 983)  Frog  Embryo  Teratogenesis  Assay: 
Xenopua  (FETAX)-A  Short-term  Assay  applicable  to  complex  environmental  mix¬ 
tures.  In:  Waters,  Sandhu,  Lewtas,  Claxton,  Chernoff,  and  Nesnow  (Eds)  Short-term 
Bioassays  in  the  Analysis  of  Complex  Environmental  Mixtures  ill  Plenum  Publishing 
:393-405 

Fort  DJ,  James  BL,  Bantle  JA  (1989)  Evaluation  of  the  developmental  toxicity  of  five 
compounds  with  the  Frog  Embryo  Teratogenesis  Assay:  Xenopua  (FETAX)  and  a 
metabolic  Activation  System.  J  App  Toxicol  9(6),  377-388 
Gichner  T,  Veleminsky  J  (1 987)  The  organic  solvents.acetone,  ethanol  and  dimethylfor- 
mamide  potentiate  the  mutagenic  activity  of  N-methyl-N*  nitro-N-Nitrosoguanidine,  but 
have  no  effect  on  the  mutagenic  potential  of  N-Methyl-N-nitrosourea.  Mutat  Res 
192(1):31-35 

Kochhar  DM  (1975)  Limb  development  in  mouse  embryos.  I.  Analysis  of  teratogenic 
effects  of  retinoic  acid.  Teratology  7:289-298 
Lamm'.r  EJ,  Chen  DT,  Hoar  RM,  Agnish  ND,  Benke  PJ,  Bran  JT,  Curry  CJ,  Fernhoff  PM, 
Grix  AW,  Lott  IT,  Richard  JM,  Sun  SC  (1985)  Retinoic  acid  embryopathy.  N  Engl  J 
Med  313:837-841 

Nemethy  G,  (1 986)  Orientation  of  amino  acid  side  chains:  Intraprotein  and  solvent  inter¬ 
actions.  Biomembranes,  Part  0.  protons  and  water:  Structure  and  translocation. 
Methods  Enzymol  127  (part  0):  183-195 

Sabourin  TD,  Faulk  RT  (1987)  Comparative  evaluation  of  a  short-  term  test  for  develop¬ 
mental  effects  using  frog  embryos.  Branfaury  Report  26:  Develop  Toxicol  :Mecha- 
nisms  and  Risk.  Cold  Spring  Harbor  Laboratory  :203-223 
Schardein  JL,  Woosley  ET,  Peltzer  MA,  Kaup  DH  (1 967)  Congential  malformations  induced 
by  6-aminonicotinamide.  Biol  Neonate  1 :  1 06-1 1 1 
Steel  GR,  Torrie  JH  (1 980)  Principles  and  procedures  of  statistics:  A  biometrical  approach. 
McGraw-Hill  Book  Company  New  York 

Tallarida  RJ,  Murray  RB  (1980)  Manual  of  pharmacologic  calculations  with  computer 
programs.  Springer-Verlag,  New  York 

Wilkinson  L  (1989)  Systat:  The  system  for  statistics.  Systat  lnc.:Evanston  IL 
Yalkowsky  SH,  (1981)  Techniques  of  solubilization  of  drugs.  Marcel  Dekker,  Inc.  New 
York 

Received  June  21 ,  1 990;  accepted  October  1 5,  1 990. 


ASSESSING  THE  EFFICACY  OF  AN  AROCLOR  12S4-INDaCED 
EXOGENOUS  METABOLIC  ACTIVATION  SYSTEM  FOR 

FETAX 

1 

Douglas  J.  Fort  ,  James  R.  Rayburn,  Donna  J.  DeYoung, 

and  John  A.  Bantle 

Department  of  Zoology,  Oklahoma  C;.ate  University 
Stillwater,  OK  74078 


ABSTRACT 

The  developmental  toxicity  of  N-nitrosodimethyl- 
amine  (NDMA)  and  trichloroethylene  (TCE)  was  assessed 
with  Frog  Embryo  Teratogenesis  Assay:  Xenopus  (FETAX) . 
Late  Xenoous  laevis  blastulae  were  exposed  to  NDMA  and 
TCE  for  96-h  in  two  separate  static-renewal  tests  with 
and  without  the  presence  of  two  differently  induced 
exogenous  metabolic  activation  systems  (MAS) .  The  MAS 
consisted  of  Aroclor  1254-induc9d  (Aroclor  1254  MAS) 
and  a  post-isolation  mixture  (mixed  MAS)  of  Aroclor 
1254-  and  isoniazid-induced  rat  liver  microsomes. 
Addition  of  the  mixed  MAS  increased  the  Teratogenic 
Index  [TI»LCS0/EC50  (malformation) ]  of  NDMA  and  TCE 
nearly  2.1-  and  1.7-fold,  respectively.  Inclusion  of 
the  Aroclor  1254  MAS  did  not  alter  the  developmental 
toxicity  of  either  compound.  Based  on  TI  values, 
embryo  growth,  and  .types  and  severity  of  induced 
malformations,  both  NDMA  and  TCE  were  developmentally 
toxic.  Use  of  post-microsome  isolation  mixtures  from 
differentially  induced  rat  livers  increased  the 
efficacy  of  the  exogenous  MAS. 

INTRODUCTION 


Aroclor  1254  is  an  affective  broad-soectrura 

1 

inducer  of  cytochrome  P-450  (P-450)  isozymes.  Thus, 


1 

To  whom  correspondence  should  be  addressed  at  Stover  s 
Assoc.,  Inc.,  P.O.  Box  2056,  Stillwater,  Oklahoma  74076 


Acocloc  1254-induced  liver  microsomes  are  capable  of 

metabolizing  a  diverse  array  of  xenobiotics.  Several 

2-4 

in  vitro-  assay  systems  .  effectively  utilize  Aroclor 

12S4-induced  exogenous  metabolic  activation  systems 

(MAS) ,  including  the  Frog  Embryo  Teratogenesis  Assay 

5 

Xenopus  (FETAX) .  However,  decreased  levels  of 

putative  P-450  isozymes  including  isoniazid-inducible 

P-450j  have  been  found  following  administra- 

6,7 

tion  of  Aroclor  1254,  Thus,  an  Aroclor  1254- 

induced  MAS  may  prove  to  be  counter-productive  for 

compounds  metabolized  by  repressed  isozymes. 

FETAX  is  a  whole-embryo,  static-renewal  bioassay 

designed  co  detect  potential  developmental  toxicants  in 

8 

the  environment  and  the  workplace.  To  increase 

oredictablity  of  FETAX,  an  exogenous  MAS  consisting  of 

Aroclor  12S4-induced  rat  liver  microsomes  was 
5  9-il 

developed  and  evaluated 

In  rhis  report,  we  evaluate  the  efficacy  of  an 

Aroclor  1234-induced  MAS  and  a  post-isolation  mixture 

of  microsomes  induced  by  Aroclor  1254  and  isoniazid  for 

FETAX  by  assessing  the  developmental  toxicity  of  two 

compounds  thought  to  be  metabolized  by  P-450 j,  the 

procar cinogenic  alkylating  agent  N-nitrosodimethylamine 

■;MDMA)  and  trichloroethylene  (TCE)  . 


MATERIALS  AND  METHODS 
Microsome  Isolation 


Rat  liver  microsomes  were  isolated  as  described 
5 

previously.  Adult  male  Sprague-Dawley  rats  (150  g.) 

were  treated  with  either  Aroclor  1254  or  isoniazid. 

Aroclor  1254  (500  rag/Kg)  in  corn  oil  was  injected  i.p. 

12 

5  d  prior  to  microsome  preparation.  Isoniazid  (0.1% 

w/v,  pH  7.4)  was  administered  via  drinking  water  for  10 

12 

consecutive  d  prior  to  microsome  isolation.  Rats 

were  fasted  24  h  prior  to  microsome  isolation. 

Protein  content  was  determined  by  the  method  of 

13 

Bradford  (BioRad,  Richmond,  CA) .  Cytochrome  P-450 

activity  was  inferred  by  the  measurement  of 

formaldehvde  generated  from  the  N-demethylation  of 

14 

aminoDvrine  and  NDMA  under  standard  assay 
6,15 

conditions.  Units  are  expressed  as  uM  formaldehyde 

generated/min. 

Post-microsome  isolation  mixtures  of  Aroclor  1254- 

incuced  and  INH-induced  microsomes  (mixed  MAS)  were 

prepared  by  aliquotting  equal  activities  of  aninopyrine 

M-demethylase  (Aroclor  1254-induced  preparation)  and 

MDMA  ( isoniazid-induced  oreoaration)  into  cryovials  and 

16 

snap  freezing  in  liquid  nitrogen.  Several  aliquots 

of  microsomes  were  chemically  reduced  with  dithionite 

and  pretreated  with  carbon  monoxide  (CO-MAS)  to 

17 

selectively  inactivate  P-450  activity. 


Animal  Care  and  Breeding 


Xenopus  adult  care,  breeding,  and  embryo 

collection  were  performed  as  described  by  Dawson  and 
18 

Bantle. 

FETAX  Protocol 

For  experiments  conducted  without  the  MAS,  groups 

of  20  embryos  were  placed  in  60  ram  covered  plastic 

Petri  dishes  with  varying  concentrations  of  the 

appropriate  test  compound.  NOMA  (Sigma,  St.  Louis,  MO) 

and  TCE  (Aldrich,  Milwaukee,  WI)  were  dissolved  in 

IS 

appropriate  volumes  of  FETAX  solution.  For  each 

compound,  12-18  concentrations  were  tested  with 

replicates.  Four  separate  dishes  of  20  embryos  were 

exposed  to  FETAX  solution  alone  and  designated  FETAX 

solution  controls.  Each  treatment  dish  contained  a 

total  of  3  ml  of  solution. 

Tests  with  the  MAS  were  also  conducted  in 

duplicate  with  20  embryos  per  replicate  concentration. 

Each  Acocioc  1254  MAS  activated  treatment  received  0.04 

5 

U/disn  of  aminopyrine  N-demethylase  activity.  Mixed 

MAS  activated  treatments  received  0.04  U  of  aminopyrine 

M-deraetnylase  and  NDMA  N-demethylase  activity  per  dish. 

Eacn  activated  treatment  received  an  NADPH  generating 

system  and  a  penicillin-streptomycin  mixture  to  control 

5 

cacteriai  growth.  Controls  including  FETAX  solution, 
eacn  MAS,  CO-MAS  +  toxicant  (negative  control), 


7,9- 

cyclophosphamide  (PETAX  reference  MAS  proteratogen 
11 

)  and  acetylhydrazide  (additional  mixed  MAS  positive 
7 

control  ) ,  and  unactivated  toxicant  were  tested 

concurrently  with  each  experiment. 

For  each  compound,  one  range-finding  and  two 

definitive  dose-response  assays  were  conducted  with  and 

without  the  MAS.  The  pH  of  all  stock  solutions  was  7.0. 

o 

Embryos  were  cultured  at  23+1  C.  All  solutions  were 

renewed  every  24  h.  Dead  embryos  were  removed  at  this 

time.  Following  96-h  of  exposure,  surviving  embryos 

were  fixed  in  0.7%  formalin  (pH  7.0).  The  number  of 

19 

live  malformed  larvae  and  the  stage  of  development 
were  ascertained  using  a  dissecting  microscope. 

Data  Analysis 

96-h  median  lethal  concentrations  (LC50)  and  the 

concentrations  inducing  gross  terata  in  50%  of  the 

surviving  larvae  (EC50)  along  with  respective  95% 

confidence  limits  were  determined  using  Litchfield- 

20 

Wilcoxon  orobit  analysis.  A  Teratogenic  Index 

{TI=LC5G/SCS0)  was  used  as  a  method  of  assessing 

5,3-11,21 

teratogenic  potential.  Head-tail  length  of 

surviving  embryos  was  measured  as  an  index  of  embryo 
growth.  Minimum  concentrations  to  inhibit  growth 
(MCIG)  were  determined  with  the  t-Test  (p<0.05). 

RESULTS 


In  this  study,  FETAX  solution  control  embryo 


mortality  and  malformation  rates  were  <2.0%  and  <5%, 
respectively.  Mortality  and  malformation  rates  for 
each  MAS  control  were  <4%  and  <9%,  respectively. 
Acceptable  rates  of  FETAX  solution  and  MAS  control 
mortality  and  malformation  are  generally  £10%.  No  less 
than  86%  of  those  embryos  subjected  to  4.0  mg/ml 
activated  cyclophosphamide  and  either  MAS  died. 
Survivors  of  the  previous  treatments  were  severely 
deformed.  Exposure  of  embryos  to  3.0  mg/ml  activated 
acetylhydrazide  and  the  mixed  MAS  produced  mortality 
and  malformation  rates  >43%  and  100%,  respectively. 

Results  from  tests  performed  with  NDMA  are 
presented  in  Table  1.  Malformations  induced  by 
unactivated  and  Aroclor  1254  MAS  activated  NDMA 
included  miscoiling  of  the  gut  at  concentrations  >1.6 
mg/ml.  Concentrations  >2.0  mg/ml  produced  muscular 
kinking  and  lateral  body  flexure.  Visceral  edema  was 
oosarved  in  concentrations  >3.0  mg/ml.  Mixed  MAS 
activated  MDMA  concentrations  >0.1  mg/ml  produced 
miscoiling  of  the  gut  and  microophthalmia.  Exposure  to 
concentrations  >0.3  mg/ml  caused  blistering  of  the 
dorsal  fin,  rupturing  of  the  pigment  vessicle  of  the 
eye,  and  exeletal  kinking.  Severe  heart  malformations 
were  also  noted  at  concentrations  >1.0  mg/ml. 

Results  from  tests  performed  with  TCS  are  shown  in 
Table  2.  Terata  induced  by  exposure  to  unactivated  TCE 


Table  1.  Oevelopntntal  toxicity  of  N-nitrosodi»thylanine  (NCMA)  in 
FETAX. 


Endpoint 

Trial 

Treatment 

Unactivated 

Aroclor  1254  MAS 

Mixed  MAS 

LCSO  (mg/ml) 

1 

3.5 

(3.3-3.7) 

2.6 

(2.5-2. 7) 

1.6 

(1.5-1. 7) 

2 

3.2 

(3.1-3.3) 

2.8 

(2.7-3. 0) 

1.4 

(1.1-1. 6) 

BCSO  (mg/ml) 

1 

2.3 

(2.2-2.4) 

1.9 

(1. 8-2.1) 

0.6 

(0.3-0. 9) 

2 

2.3 

(2.2-2. 5) 

2.1 

(2.0-2.2) 

0.4 

(0.2-0. 7) 

TI 

I 

1.5 

1.4 

2.7 

2 

1.4 

1.3 

3.5 

MCIG  (mg/ml) 

1 

1.5 

1.0 

0.3 

2 

1.2 

NA 

0.1 

MCIG  (%  LCSO) 

1 

42.8 

38.5 

18.8 

2 

27.5 

NA 

7.1 

Reprssents  the  results  of  two  definitive  dose-response  experinents 
wicn  and  without  eacn  of  the  metabolic  activation  systems  (MAS).  Median 
letr.3l  (LCSO)  and  median  teratogenic  (EC50)  concentrations  were  determined 
by  Litchfield-Wilcoxon  prccit  analysis  with  95%  confidence  intervals  in 
parenthesis.  Teratogenic  indices  were  calculated  by  dividing  the  96-h  LCSO 
by  tr.e  96-h  ECSO  (maiformationj .  Minimum  concentrations  to  inhibit  growth 
(MCIG)  were  determined  by  t.he  t-test  (p<0.05).  NA  -  Not  available  due  to 
concentration  range  tested. 


1 


Table  2.  Developmental  toxicity  of  tricbloroetbylene  (TCE}  in  FETAX. 


Endpoint 

Trial 

Treatment 

Unactivated 

Aroclor  1254  MAS 

Mixed  MAS 

LCSO  (ug/ml) 

1 

42S.0 

(375.0-473.0) 

423.0 

(390.0-453.0) 

249.0 

(219.0-284.0) 

2 

443.0 

(382.0-514.0) 

397.0 

(375.0-439.0) 

204.0 

(147.0-256.0) 

ECSO  (ug/ml) 

1 

34.0 

(20.0-55.0) 

45.0 

(41.0-50.0) 

13.0 

(12.0-16.0) 

2 

37.0 

(33.0-43.0) 

27.0 

(21.0-32.0) 

9.0 

(3.0-13.0) 

TI 

1 

12.4 

9.4 

19.2 

2 

12.0 

14.7 

22.7 

,')CIG  (ug/ml) 

1 

NA 

29.0 

11.0 

2 

29.0 

37.0 

7.0 

MCIG  (%  LISO) 

1 

NA 

6.9 

4.4 

2 

6.5 

9.3 

3.4 

1 

represents  the  results  of  two  definitive  dose-response  experiirents 
with  and  without  each  of  the  metabolic  activation  systems  (MAS).  Median 
lecnal  (LCSO)  and  median  teratogenic  (ECSO)  concentrations  wi»re  determinrd 
by  Litchfield-Wilcoxon  prooit  analysis  with  95%  confidence  intervals  in 
parenthesis.  Teratogenic  indices  were  calculated  by  dividing  the  96-h  LCSO 
by  the  96-h  ECSO  (maifocmation) .  Minimum  concentrations  to  inhibit  growtn 
(MCIG)  were  determined  by  the  t-test  (p<0.05) .  NA  -  Not  available  due  to 
the  concentration  range  tasted. 


and  Aroclor  1254-activated  concentrations  >15  ug/ml 
were  gut  miscoiling  and  microophthalmia.  Muscular 
kinking  and  incomplete  development  of  the  mouth  were 
observed  in  concentrations  >40  ug/ml.  Concentrations 
exceeding  300  ug/ml  also  caused  severe  hypognathia. 
Mixed  MAS-activated  TCE  concentrations  >5  ug/ml 
produced  miscoiling  of  the  gut  and  craniofacial 
defects.  Skeletal  kinking,  raal-development  of  the 
heart,  and  hydroencephaly  were  noted  in  concentrations 
>15  ug/ml.  Concentrations  >30  ug/ml  also  induced 
blistering  of  the  dorsal  fin. 

DISCOSSION 

Results  -from  this  study  suggest  that  the  inclusion 
of  the  mixed  MAS  increased  the  developmental  toxicity 
of  both  MDMA  and  TCE.  However,  the  Aroclor  1254- 
induced  MAS  itself  had  virtually  no  effect  on  the 
developmental  toxicity  of  either  compound.  In  FETAX, 
assessment  of  teratogenic  potential  is  based  on  TI 
values,  embryo  growth,  and  types  and  severity  of 
induced  malformations.  Typically,  TI  values  <1.5 
indicate  low  teratogenic  potential,  whereas  higher 
values  signify  an  increase  in  the  potential  teratogenic 
hazard.  However,  embryo  growth  and  types  and  severity 
of  induced  anomalies  are  also  evaluated  since  some 
compounds  with  TI  values  <1.5  cause  severe 
malformations  of  major  organ  systems.  Such  compounds 


may  still  pose  a  developmental  hazard,  possibly  as 

embryo toxins.  Compounds  posing  a  high  developmental 

hazard  in  FETAX  generally  inhibit  growth  at 

21 

concentrations  <30%  of  the  LC50. 

Based  on  these  criteria,  both,  unactivated  and 

metabolically  activated  MDMA  and  TCE  have  the  potential 

to  be  teratogenic.  However,  only  addition  of  the  mixed 

MAS  enhanced  the  teratogenic  potential  of  MMDA  and  TCE. 

22,23 

Although  the  carcinoaenic  ,  and  to  some 

24,23 

extent,  blastomogenic  effects  of  MDMA  have  been 

thoroughly  studied  in  mammals,  only  few  reports  have 

26 

described  teratogenic  effects.  Bochert  et  al.  found 

acetoxymechyl-nitrosomechylamint  (AcO-NDMA) ,  an  acetate 

ester  conjugate  of  the  presumed  reactive  intermediate 

of  MDMA,  induced  malformations  in  NMRI  mice  following 

administration  on  days  11  and  12  of  gestation.  Several 

27-29 

ceil  culture  systems  have  determined  MDMA  to  have 

teratogenic  potential.  In  addition,  ethanol 

administration  to  pregnant  rats  subjected  to  MDMA 

sicnif itantly  increased  the  rate  of  fetal  micronuclei 

30 

formation  in  rats.  Thus,  interactions  between  P-45Cj 
inducing  agents,  such  as,  ethanol,  pyrazole,  and  INH, 
could  also  potentiate  the  developmental  toxicity  of 
MDMA  in  .T.ammals.  The  increased  developmental  toxicity 
of  activated  MDMA  may  be  due  to  direct  exposure  to  DMA 
alkylating  metabolites  generated  by  the  mixed  MAS. 


These  results  are  consistent  with  the  current 

hypothesis  that  the  teratogenicity  of  alkylating  agents 

is  closely  correlated  to  the  rate  of  DNA  alkylation  in 

26 

embryonic  cells.  To  this  point,  all  of  the 

alkylating  agents  assayed  with  PETAX,  including  C?  and 

NDMA  which  required  exogenous  bioactivation,  have 

significant  teratogenic  potential. 

Several  studies  evaluating  the  effect  of 

31-33  31,32 

maternally  inhaled  TCE  on  rat  ,  mouse  ,  and 
33 

rabbit  fetuses  have  found  little  evidence  to  support 

a  teratogenic  or  fetotoxic  effect.  However,  more 

recent  investigations  suggest  inhaled  TCE  in  rats  may 

cause  a  developmental  delay  resulting  in  abnormal 

34,35 

development  of  the  skeleton  and  soft  tissues. 

Petotoxicity  has  also  been  reported  following  oral 

36 

administration  in  the  rat.  Interestingly,  TCE 

croduced  a  variety  of  anomalies  in  an  avian  model 
37,33 

system.  Several  of  the  TCE-induced  malformations 

including  cardiac  effects  observed  in  the  avian  model 
are  similar  to  those  recorded  with  Xenopus. 

Differences  in  the  ability  of  TCE  to  induce  terata  in 
mammals,  birds,  and  frog  embryos  may  be  the  result  of 
differences  in  embryonic  susceptibility  across  the 
cnylogenetic  range,  route  of  exposure,  as  well  as, 
pnarmacological  nature  of  the  test  system.  The 
majority  of  mammalian  studies  utilized  pulmonary 


exposure /  whereas,  the  avian  system  and  FETAX  provide 
direct  embryonic  exposure  to  toxicants.  Positive 
results  in  FETAX  may,  in  fact,  be  due  to  highly 
embryotoxic  intermediates  or  metabolites  of  TCE.  The 
formation  of  a  reactive  epoxide  iatermediate  (TCE- 

39 

oxide)  has  been  identified  in  rat,  rabbit,  and  mouse. 
Developmentally  toxic  parent  compounds,  short-lived 
intermediates  and  metabolites  exposed  directly  to 
Xenoous  embryos  may  actually  be  retained  in  the  mother 
in  mammalian  systems. 

In  order  to  evaluate  human  developmental 

toxicancs,  ^  vitro  test  syster^s  must  possess  the 

ability  to  metabolize  xenobiotics.  Several  compounds 

besides  NDMA,  TCE,  and  isoniazid  have  been  shown  to  be 

metabolized  by  Aroclor-repressible  P-450j  including 

40 

oyrazoie,  imidizole,  acetone,  and  ethanol.  Thus,  by 
using  mixtures  of  microsomes  induced  by  a  broad 
spectrum  of  P-450  inducing  agents,  we  may  increase  the 
z'r.a  overall  efficacy  of  the  MAS  for  FETAX. 
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Altered  Developmental  Toxicity  Caused  by  Three  Carrier 
Solvents. 

J.R.  Rayburn^  D.J.  Fort^  D.J.  DeYoung^  R.  McNew^,  and  J.A. 
Bantle  ^ 

ABSTRACT 

Many  aquatic  bioassays  rely  on  chemical  solvents  to  solubilize  water- 
insoluble  test  materials.  Interactions  between  solvents  and  test  materials 
can  lead  to  false  positive  or  negative  results.  For  this  reason,  tests  for 
interactions  between  solvents  and  test  materials  were  performed.  The 
Frog  Embryo  Teratogenesis  Assay-]^nopus  (FETAX)  was  chosen  be¬ 
cause  of  its  capacity  to  assess  three  different  endpoints;  mortality,  mal¬ 
formation,  and  embryo  growth.  Three  solvents;  dimethylsulfoxide 
(DMSO),  acetone,  and  triethylene  glycol  (TG)  were  tested  with  two  tera¬ 
togens;  methyl-mercury  chloride  (MMC)  and  trichloroethylene  (TCE). 
DMSO  potentiated  the  lethal  effect  of  both  teratogens  but  did  not  signifi¬ 
cantly  alter  the  rate  of  malformation.  Acetone  increased  mortality  for  both 
teratogens,  but  only  increased  MMC  malformation  greater  than  additive 
effects.  TG  only  increased  mortality  and  malformation  with  TCE.  There 
were  additive  effects  for  growth  for  ail  solvents  with  the  teratogens.  The 
carrier  solvents  caused  interactions  even  at  their  No  Observable  Effect 
Concentration  (NOEC).  Therefore,  choice  of  carrier  solvent  should  be 
made  with  caution.  This  study  shows  that  different  results  can  occur 
depending  on  the  solvent  used  and  that  a  difference  in  one  endpoint 

does  not  necessarily  change  the  other  endpoints. 

2 


INTRODUCTION 


The  large  number  of  water-insoluble  chemicals  requiring  toxicity  test¬ 
ing  necessitates  the  development,  validation  and  use  of  chemical  cosoi- 
vents.  Carrier  solvents  (cosoivents),  such  as  dimethyisuifoxide  (DMSO), 
acetone,  and  triethylene  glycol  (TG),  are  commonly  used  to  solubilize 
hydrophobic  compounds.’  However,  the  use  of  solvents  with  in  vitro 
bioassays  may  alter  the  developmental  toxicity  of  test  materials .  Solvents 
interact  with  other  compounds  to  change  rates  of  reactions,  membrane 
potentials,  mutagenic  activity,  and  many  other  cell  processes.^'®  Using 
microbial  assays,  Stratton  has  shown  that  solvents  alter  the  toxicity  of 
pesticides.®  For  this  reason,  solvent-compound  interaction  studies  were 
performed  to  determine  if  the  developmental  toxicity  of  test  materials  was 
altered. 

The  Frog  Embryo  Teratogenesis  Assay-Xjwpus  (FETAX),  described 
by  Dumont  et  al.,  is  a  96-hr  bioassay  which  determines  relative  teratogen¬ 
ic  hazard.^  Several  labs  have  evaluated  compounds  as  well  as  environ¬ 
mental  mixtures  with  FETAX.’'*’ ^  An  exogenous  metabolic  activation 
system  has  been  developed  and  evaluated  for  FETAX.’®*’®  The  pur¬ 
pose  of  these  experiments  was  to  determine  whether  carrier  solvents 
interacted  with  the  teratogens  methylmercury  chloride  and  trichloroethyl¬ 
ene  to  affect  survival,  development  and  growth  of  Xenopus  embryos. 
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EXPERIMENTAL 


Chemicals 

Solvents  were  dimethylsulfoxide  (DMSO)  (CAS#  67-68-5;  Sigma 
Chemical  Co.,  St.  Louis,  MO)  acetone  (CAS#  67-64-1 ;  Fisher  Scientific, 
Houston,  TX),  and  triethylene  glycol  (TG)  (CAS#  112-27-6;  Aldrich 
Chemical  Co.,  Milwaukee,  Wl).  Teratogens  were  methylmercury  chloride 
(MMC)  (CAS#  1 1 5-09-3;  Pfaltz  &  Bauer  Inc.,  Waterbury,  CT)  and  trichlo¬ 
roethylene  (TCE)  (CAS#  79-01-6;  Aldrich  Chemical  Co.). 

Assay  procedure 

Animal  care  and  breeding  were  performed  according  to  Bantle  et  al. 
(1989).^®  FETAX  solution,  a  reconstituted  water  medium,  was  used  as 
the  diluent  for  ail  experiments.^^  For  each  concentration-response  test, 
two  groups  of  25  embryos  each  were  placed  in  60  X  1 5  mm  glass  Petri 
dishes  containing  a  total  of  1 0  ml  of  solution.  Four  groups  of  25  embryos 
were  exposed  to  FETAX  solution  and  used  as  controls  for  each  test. 
Because  of  the  possible  binding  of  methylmercury  to  glass,  the  concen¬ 
tration-response  experiments  were  performed  in  BOX  1 5  mm  piastic  Petri 
dishes  containing  20  embryos  and  a  total  of  8  ml  of  solution.  Each  exper¬ 
iment  followed  standard  methods  of  test  operation  and  embryo  evalua¬ 
tion.^®'^®  Stock  concentrations  of  MMC  were  also  determined  u''mg  the 
cold  vapor  method  for  determining  mercury  concentration.^® 

One  range  and  three  definitive  experiments  were  performed  to 
determine  the  96-hr  LC50, 96-hr  EC50  (malformation).  Teratogenic  Index 
(TI)  (96-hr  LC50/  96-hr  EC50)  and  Minimum  Concentration  to  Inhibit 
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Growth  (MCIG)  for  three  solvents  and  two  teratogens.  The  96-hr,  LC25 
and  LC50,  and  96-hr,  EC25  and  EC50  (malformation)  were  determined 
using  Litchfield-Wilcoxon  probit  analysis.^®  Dunnett's  test  was  used  to 
determine  the  No  Observabie  Effect  Concentrations  (NOEC)  for  malfor¬ 
mation  and  mortality.  The  MCIG  was  determined  by  comparing  head-taii 
lengths  between  control  and  experimetnal  groups  using  the  t-test  for 
grouped  observations.  These  data  were  used  in  determining  test  con¬ 
centrations  for  the  solvent-compound  interaction  study.  Malformations 
were  determined  using  a  dissecting  microscope  to  observe  deviations 
from  normal  development.^^  Typical  examples  of  malformations  are 
reduced  head  compared  with  rest  of  embryo,  reduced  eye,  mouth, 
misshapen  head,  eye,  heart,  mouth,  tail  fin,  notocord,  etc.  The  96-hr 
embryo  is  transparent  and  most  internal  organs  can  be  seen  clearly. 
Stunting  (growth  inhibition)  is  not  considered  a  malformation.  Growth  is 
assessed  by  measuring  embryo  head-tail  lengths. 

Interaction  Study 

Two  concentrations  for  each  solvent  and  test  material  were  selected . 
The  two  solvent  concentrations  were  the  NOEC  and  96-hr  EC25.  The 
NOEC  is  the  highest  possible  cosolvent  concentration  that  can  be  used  in 
FETAX.  The  96-hr  EC25  was  chosen  in  order  to  positiveiy  identify  any 
interactions  that  might  be  taking  place  that  were  not  observable  at  lower 
concentrations.  MMC  and  TCE  concentrations  were  the  96-hr  EC25  and 
96-hr  LC25.  These  concentrations  allowed  examination  of  effects  on  both 
malformation  and  mortality.  Both  MMC  and  TCE  were  soluble  at  these 
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concentrations  without  the  solvents.  The  interaction  experiments  con¬ 
tained  individual  treatments  for  ail  concentrations  and  the  interaction 
treatments  for  one  solvent  and  one  teratogen  per  experiment.  The  nine 
treatments  were:  1 )  FETAX  solution  controls,  2)  EC25  of  teratogen,  3) 
LC25  of  teratogen,  4)  NOEC  level  of  solvent,  5)  EC25  of  solvent,  6)  EC25 
of  teratogen  &  NOEC  of  solvent,  7)  EC25  of  teratogen  &  EC25  of  solvent, 
8)  LC25  of  teratogen  &  NOEC  of  solvent,  and  9)  LC25  of  teratogen  & 
EC25  of  solvent.  All  interaction  experiments  contained  four  replicates  of 
25  embryos  each  per  treatment  with  the  exception  of  one  MMC-DMSO 
interaction  study  which  contained  22  embryos  per  treatment.  Results  of 
solvent-teratogen  interaction  studies  represent  three  pooled  experiments 
using  three  different  breeding  pairs.  Every  24  hrs,  dead  embryos  were 
removed  and  solutions  changed .  After  96  hrs  of  exposure,  embryos  were 
anesthetized  with  3-Aminobenzoic  Acid  Ethyl  Ester  (MS-222)  (CAS#  El  - 
052-1;  Sigma)  and  the  number  of  malformed  larvae  recorded.  Larvae 
were  then  killed  and  fixed  with  3.0%  (w/v)  formalin  and  head-tail  length 
(growth)  measured. 

ANOVA  was  used  to  determine  differences  from  theoretical  additive 
values  for  mortality,  malformation  and  growth. Values  were  determined 
by  partitioning  the  sum  of  squares  for  the  interactions  on  mortality  and 
malformation  using  the  statistical  software  SYSTAT.^®  Growth  interac¬ 
tions  were  determined  in  the  same  manner  with  the  Statistical  Analysis 
System  (SAS).  Effects  on  the  TI  were  inferred  from  shifts  of  the  mortality 
and  malformation  curves.  In  the  case  of  the  LC25  of  the  teratogens. 


100%  malformations  were  obtained  without  solvent  addition.  Therefore, 
only  a  decrease  in  malformation  could  be  observed  and  not  an  increase. 
For  these  experiments,  decreases  in  malformation  were  not  observed. 
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RESULTS 

PRELIMINARY  EXPERIMENTS 
Carrier  Solvent  Results 

Previous  work  indicated  that  all  solvents  caused  effects  at  2.0%  (v/v) 
concentrations.  Acetone  produced  the  highest  T1  value  of  the  solvents 
followed  by  DMSO  and  then  TG.^^  NOEC  levels  for  DMSO,  acetone,  and 
TG  for  any  endpoint  were  1 .0%  (y/v),  0.9%  (v/v),  and  1 .7%  (v/v),  respec¬ 
tively.  The  96-hr  EC25  (malformation)  for  DMSO,  acetone  and  TG  were 
1.2%  (v/v),  1.0%  (v/v),  and  2.0%  (v/v),  respectively. 

Developmental  Toxicity  of  the  Teratogens 

Both  methylmercury  chloride  and  trichloroethylene  proved  to  have 
teratogenic  potential  in  FETAX.  The  lower  Tl  obtained  for  MMC  indicated 
that  it  was  less  teratogenic  than  TCE  (Table  1).  The  96-hr  EC25  and 
LC25  for  MMC  were  0.01 5  mg/L  and  0.088  mg/L.  For  TCE,  they  were 
0.002%  (v/v)  and  0.035%  (v/v).  It  was  not  possible  to  determine  MCIG  or 
confidence  limits  for  the  first  TCE  test.  However,  acceptable  confidence 
limits  were  obtained  in  all  other  tests.  The  data  from  these  experiments 
was  used  to  predict  the  EC25  and  LC25  for  the  teratogens.  The  estima¬ 
tion  of  the  EC25  for  the  three  independant  experiments  for  TCE  ranged 
from  1 9.5%  to  27.5%  and  the  estimation  of  the  LC25  ranged  from  25.7% 
to  38.3%  (Tables  5-7).  Therefore,  the  estimates  of  EC25  and  LC25  were 
well  within  accepable  limits.  The  mean  MCIG  for  MMC  was  0.038  mg/L 
and  0.02%  (v/v)  for  TCE. 
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INTERACTION  EFFECTS  CAUSED  BY  SOLVENTS 
Control  Results 

Tables  2  though  7  show  the  pooled  percentage  results  for  all  experi¬ 
ments.  Control  mortality  and  malformation  was  equal  to  or  below  1 0%  for 
allbutthreeexperimentsand  was  never  greater  than  12%.  Although  the 
control  malformation  and  mortality  varied  from  experiment  to  experiment, 
final  results  were  not  affected  because  ANO VA  takes  into  account  control 
i  jsponses.  Table  2  -  Table  4  shows  that  mortality  due  to  0.088  mg/L 
MMC  ranged  from  1 8.0%  to  41 .7%.  Because  of  this  variability,  values 
were  kept  discrete  for  each  solvent-teratogen  interaction.  These  are  the 
percentages  used  to  calculate  the  theoretical  additive  values.  The  per¬ 
centages  are  the  1 2  replicate  values  averaged  together,  and  the  standard 
error  is  the  error  of  these  1 2  means. 

Methylmercury  Chloride  Interactions 

MMC  combined  with  DMSO  caused  significant  { p  =  0.05 )  interaction 
only  at  1 .2%  (v/v)  DMSO  and  0.088  mg/L  MMC  level  (Figure  1 ).  Mortality 
was  increased  by  18%  ( 6-35%;  95%  confidence  interval ).  In  ail  cases, 
the  percent  change  refers  to  an  increase  or  decrease  compared  to  the 
theoretical  additive  value.  DMSO  increased  the  mortality  which  should 
decrease  the  96-hr  LC50  and  did  not  significantly  increase  malformation. 
Therefore,  the  96-hr  EC50(malformation)  should  remain  the  same  with 
DMSO.  This  would  reduce  the  Tl  of  MMC.  One  experiment  contained  22 

embryos  per  replicate  due  to  a  shortage  of  embryos,  and  is  the  reason 
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the  total  N  per  treatment  is  different.  All  experiments  showed  similar 
results. 

When  MMC  was  tested  with  acetone  there  were  significant  interac¬ 
tions  observed  for  both  mortality  and  malformation  {Figure  1 ).  MMC  at 
0.01 5  mg/L  with  0.9%  (v/v)  and  1 .0%  (v/v)  acetone  increased  maiforma- 
tion  by  16.9%  ( 10.9-23.8%;  95%  confidence  interval )  and  28.6%  ( 21 .0- 
36.9%;  95%  confidence  interval ),  respectively.  MMC  at  0.088  mg/L  with 
1 .0%  (v/v)  acetone  increased  the  mortaiity  by  23.7%  ( 10.8-40%;  95% 
confidence  interval ).  Because  the  synergistic  responses  for  malforma¬ 
tion  and  mortality  were  approximately  the  same,  acetone  would  change 
the  96-hr  LC50  and  96-hr  EC50  (malformation)  the  same.  The  Tl,  there¬ 
fore,  should  not  change. 

MMC  combined  with  TG  showed  no  significant  interactions  on 
mortality  or  malformation  (Figure  1 ).  TG,  therefore,  would  not  change  the 
Tl  of  MMC. 

The  Tl  would  be  expected  to  change  for  MMC  only  with  DMSO.  With 
acetone,  the  interaction  is  an  equal  increase  in  mortality  and  malformation 
over  the  expected  additive  value.  This  would  increase  the  sensitivity  of 
the  embryos  to  MMC  when  combined  with  acetone.  Finally,  when  MMC 
was  tested  with  TG  neither  mortality  or  malformation  were  changed. 
MMC  growth  was  not  changed  from  additive  effects  for  any  of  the  sol- 
vents. 
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Trichloroethylene  Interactions 

Trichloroethylene  combined  with  DMSO  had  significant  ( p  =  0.001  ) 
additive  effects  on  mortality  {Figure  2).  Mortality  for  0.035%  (v/v)  TCE 
was  increased  over  theoretical  additive  values  for  DMSO  at  1 .0%  (v/v) 
and  1 .2%  (v/v)  by  42.7%  (  21 .7-67.7%;  95%  confidence  interval )  and 
45.3%  ( 23.7-70.6%;  95%  confidence  interval ),  respectively.  However, 
malformation  was  not  changed  significantly  from  theoretical  additive 
values.  The  increase  in  mortality  resulted  in  a  decreased  96-hr  LC50. 
Because  malformation  was  unaffected,  the  Tl  would  be  lowered. 

TCE  combined  with  acetone  significantly  { p  =  0.05 )  increased  mortal¬ 
ity  (Figure  2).  The  rate  of  mortality  caused  by  TCE  at  0.035%  (v/v) 
was  increased  with  acetone  at  0.9%  (v/v)  and  1 .0%  (v/v)  by  1 6.7%  { 6.4- 
26.7;  95%  confidence  interval )  and  24%  { 13-37.5%;  95%  confidence 
interval ) ,  respectively.  The  rateofTCE-induced  malformation  at  0.002% 
(v/v)  was  not  significantly  different  from  theoretical  additive  values.  An 
increase  in  mortality  for  acetone  and  no  change  in  malformation  from 
theoretical  values  would  again  cause  a  reduction  of  the  Tl. 

TCE  combined  with  TG  caused  significant  { p  =0.05  )  interaction  for 
both  mortality  and  malformation  (Figure  2).  The, rate  of  TCE-induced 
mortality  caused  by  0.035%  (v/v)  TCE  with  1 .7%  (v/v)  and  2.0%  (v/v)  TG 
was  increased  over  theoretical  additive  values  by  1 5%  ( 6.2-26.9%;  95% 
confidence  interval )  and  20.33%  ( 9.97-33.4%;  95%  confidence  interval ), 
respectively.  The  malformation  caused  by  0.002%  (v/v)  TCE  and  2.0% 
(v/v)  TG  was  significantly  increased  by  1 7.2%  ( 1 0.9-24.6%;  95%  confi- 
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dence  interval ) .  Because  both  malformation  and  mortality  for  TG  showed 
an  increase  of  approximately  the  same  magnitude,  the  TI  would  not  be 
expected  to  change. 

Trichloroethylene  with  DMSO  and  TCE  with  acetone  caused  an 
increase  in  mortality  and  did  not  change  malformation  significantly.  TCE 
with  TG,  however,  increased  both  mortality  and  malformation. 


V 


DISCUSSION 

The  Teratogenic  Index  (Tl)  is  the  ratio  of  the  96-hr  LC50/96-hr  EC50 
(malformation)  and  represents  the  separation  between  the  mortality  and 
malformation  curves.  It  would  be  expected  that  for  compounds  to  induce 
malformations  without  causing  mortality  that  the  96-hr  EC50  (malforma¬ 
tion)  should  be  less  than  the  96-hr  LC50.  This  is  not,  however,  the  only 
way  to  classify  compounds  because  the  number  of  malformations  do  not 
give  information  on  the  types  or  severity  of  these  malformations.  The 
separation  between  the  two  curves  is  considered  to  be  sufficient  to  pose 
significant  teratogenic  hazard  when  the  Tl  >  1.5.’®’’®  If  a  synergistic  or 
antagonistic  response  altered  a  Tl,  false  conclusions  regarding  teratogen¬ 
ic  hazard  could  result.^® 

MMC  is  known  to  cause  cleft  palate  in  mice.^®  MMC  is  also  known 
to  affect  development  of  several  fetal  systems. TCE  is  known  to 
induce  strand  breaks  in  DNA  in  the  rat  and  mouse  liver  in  vivo  and  to  be 
weakly  mutagenic.®®'®^  TCE  causes  abnormal  development  of  chick 
embryos.®®’®®  However,  TCE  does  not  show  strong  teratogenic  effects 
in  the  rat  inhalation  studies  but  did  produce  skeletal  anomalies.®'^  Route 
of  exposure  is  important  when  comparing  relative  toxicity,  teratogenicity. 
TCE  seems  to  show  wide  species  variation  in  response.  These  sources 
support  that  MMC  and,  perhaps,  TCE  should  be  teratogenic  in  FETAX. 

The  interaction  results  show  that  the  carrier  solvents  do  interact  with 

teratogens.  Of  the  three  indicators  measured,  mortality  and  malformation 

were  potentiated,  while  growth  was  not  affected.  Typically,  growth  and 
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malformation  are  the  more  sensitive  endpoints.  However,  more  interac¬ 
tions  were  discovered  with  mortality.  This  shows  that  a  change  in  one 
endpoint  does  not  necessarily  result  in  a  change  in  the  others.  This 
study  also  shows  that  the  choice  of  carrier  solvents  is  critical  because  the 
different  carrier  solvents  caused  different  interactions.  For  example,  only 
acetone  caused  effects  at  the  NOEC  with  MMC.  However,  all  solvents 
caused  effects  when  combined  with  TCE  at  the  NOEC.  While  TG  had  no 
observed  effects  with  MMC,  both  malformation  and  mortality  were  signifi¬ 
cantly  changed  with  TCE. 

Malformations  caused  by  all  interaction  treatments  did  not  produce 
new  or  different  types  of  malformation.  All  malformations  were  the  same 
type  as  seen  with  individual  control  treatments  for  each  teratogen  and 
solvent.  Differences  were  in  the  magnitude  of  the  response  and  the 
number  of  malformations.  Acetone  has  previously  been  shown  to 
change  mutagenic  potential  of  N-Methyl-N-nitrosourea  and  to  interact  on 
membrane  integrity.®'^®  DMSO  has  been  shown  to  interact  with  secalon- 
ic  acid  D  to  alter  teratogenicity  in  mice.^®  These  papers  support  the 
results  of  this  study  where  interactions  were  found  between  MMC  and 
TCE,  and  the  three  solvents. 

Carrier  solvents,  although  sometimes  necessary,  need  to  be  used 

with  caution  at  the  lowest  solvent  concentrations  possible.  If  possible, 

several  different  carrier  solvents  should  be  used  separately  to  determine  if 

the  results  are  consistent.®^  Fewer  effects  were  seen  at  the  NOEC  than 

at  the  96-hr  EC50  for  the  solvents.  Also  interesting,  is  the  finding  that 
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MMC  was  the  least  teratogenic  and  had  the  fewest  interactions,  while 
TCE,  with  a  higher  Tl,  had  more  Interactions.  These  results  are  also 
supported  by  Rayburn  et  al.^"^ ,  who  studieo  the  interactions  of  the  three 
solvents,  DMSO,  acetone  and  TG  with  t-retinoic  acid  and  6-aminonicoti- 
namide.  They  documented  more  interactions  with  mortality  than  malfor¬ 
mation,  observed  no  interactions  on  growth  and  the  stronger  teratogen, 
6-aminonicotinamide,  showed  more  interactions  than  t-retinoic  acid. 
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Xmbl«  1.  FETAX  96-hr  LC50,  96-hr  EC50 (malformation) ,  Teratogen¬ 
ic  Index  (TI)^,  and  Minimvun  Concentration  to  Inhibit  Growth 
(MCIG)  for  Methylmercury  Chloride  (MMC)  and  Trichloroethylene 
(TCE) . 


Compound 

Trial 

96-hr  LC50 

96hr  ECSO 

TI 

MCIG 

MMC^  1 

0.083(0.080-0.087°) 

0.024(0.021-0.028) 

3.4 

0.036 

2 

0.094(0.088-0.100) 

0.025(0.018-0.034) 

3.7 

0.04 

TCE*^  ®  1 

0.024(NA) 

0.0048(0.002-0.011) 

5 

NA 

2 

0.029(0.026-0.032) 

0.0023(0.001 *0.004) 

12.6 

0.02 

®  TI  =  96-hr  LCSO/96-hr  EC50{malfoxnnation) . 
^  Concentrations  expressed  as  mg/L. 

®  95%  confidence  limits. 

^  Concentrations  expressed  as  %  (v/v) . 

®  Density  =  1.462. 

NA  =  Not  Available. 
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Table  Z.  Effects  of  Dimethyl  Sulfoxide  (OMSO),  Methylmercury  Chloride  (MMC)  and  their 


Interactions  on  Mortality,  Malformation  and  Growth. 


Treatment" 


Mortality 
No.  (X) 


Malformation 
No.  (X) 


Mean  Length 
(mm) 


FETAX  soln. 


Control 

18 

(6.3  +  2.72^*) 

18 

(7.0  +  1.42) 

9.34  +  0.069 

OMSO 

MMC 

> 

> 

1  (mg/L) 

1.0 

23 

(8.3  i  1.94) 

24 

(9.4  +  1.34) 

9.16  +  0.069 

1.2 

27 

(9.6  t  2. A3) 

75 

(29.8  ♦  3.92) 

8.95  +  0.072 

0.015 

19 

(6,7  i  2.71) 

50 

(19.3  +  1.65) 

9.22  +  0.086 

0.088 

117 

(41.7  +  8.26) 

163 

(100) 

7.55  +  0.129 

1.0 

0.015 

22 

(7.7  i  2.33) 

65 

(25.0  +  2.34) 

9.21  +  0.086 

1.2 

0.015 

70 

(25.0  +  7.75) 

109 

(51.8  +  9.18) 

8.85  +  0.090 

1.0 

0.088 

123 

(44.0  +  9,62) 

157 

(100) 

7.88  +  0.213 

1.2 

0.088 

176 

(63.0  +10.33) 

104 

(100) 

7.68  +  0.253 

N  for  all  treatments  equaled  288  embryos  from  three  separate  experiments.  Two 
experiments  contained  25  embryos  per  dish  (8  dishes),  and  one  experiment  contained  22 
embryos  per  dish  (4  dishes). 

^  Standard  Error  of  Mean. 
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Table  3.  Effects  of  Acetone,  Methylnwrcury  Chloride  (MMC)  and  their  Interactions  on 


Mortality,  Malfomwtion  and  Growth. 


Treatment* 

Mortality 

No.  (X} 

Malformation 

No.  (X) 

Mean  Length 

(mm) 

FETAX  so In 

1. 

Control 

22 

(7.3  t  2.06^) 

33 

(11.8  +  2.01) 

9.47  +  0.069 

Acetone 

MMC 

X(v/v) 

<mg/L) 

0.9 

23 

(7.7  i  2.89) 

56 

(20.3  +  1.55) 

8.97  +  0.064 

1.0 

16 

(5.3  i  1.50) 

100 

(35.2  +1.95) 

8.78  +  0.075 

0.015 

18 

(6.0  t  2.44) 

63 

(22.2  +  0.97) 

9.41  +  0.130 

0.088 

5A 

(18.0  +  4.45) 

246 

(100) 

8.85  +  0.127 

0.9 

0.015 

21 

(7.0  +  2.04) 

133 

(47.6  +  4.17) 

8.95  +  0.098 

1.0 

0.015 

32 

(10.7  i  2.76) 

199 

(74.2  +  5.59) 

8.70  +  0.104 

0.9 

0.088 

89 

(29.7  i  7.65) 

211 

(100) 

7.81  +  0.135 

1.0 

0.088 

119 

(39.7  +10.16) 

181 

(100) 

7.71  +  0.107 

®  N  for  all  treatments  equaled  300  embryos  from  three  separate  experiments.  There  were 
12  dishes  of  25  embryos  each. 

^  Standard  Error  of  Mean. 
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Table  4.  Effects  of  Tn'ethvlene  GlycoUTG),  Methylmercury  Chloride  (MMC)  and  their  Inter* 


actions  on  Mortality,  Malformation  and  Growth. 


Treatment 

,a 

Mortality 

No.  (X) 

Malformation 

Mo.  (X) 

Mean  Length 

(itin) 

FETAX  soln. 

Control 

30 

(10.0  1  2.00^*) 

25 

(9.4 

+  1.47) 

9.27  1  0.084 

TG 

MMC 

X<v/v) 

<ma/L) 

1.7 

15 

(5.0  i  0.87) 

35 

(12.3 

i  1.41) 

9.14  +  0.087 

2.0 

21 

(7.0  +  2.04) 

103 

(36.8 

+  3.48) 

8.88  +  0.087 

0.015 

24 

(8.0  +  2.46) 

59 

(21.5 

+  0.99) 

8.99  +  0.092 

0.088 

81 

(27.0  +10.00) 

219 

(100) 

8.00  +  0.187 

1.7 

0.015 

17 

(5.7  +  1.59) 

93 

(32.7 

+  2.80) 

9.33  +  0.066 

2.0 

0.015 

19 

(6.3  +  3.21) 

160 

(57.1 

+  5.80) 

9.19  +  0.118 

1.7 

0.088 

60 

(20.0  +  6.73) 

240 

(100) 

8.06  +  0.269 

2.0 

0.088 

51 

(17.0  +  4.15) 

249 

(100) 

8.07  +  0.199 

®  N  for  all  treatments  equaled  300  embryos  from  three  separate  experiments.  There  were 
12  dishes  of  25  embryos  each. 

^  Standard  Error  of  Mean. 
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Table  5.  Effects  of  Dimethyl  Sulfoxide(DMSO),  Trichloroethylene  (TCE)  and  their  Interac¬ 


tions  on  Mortality,  Malformation  and  Growth. 


Treatment® 

Mortality 

Malformation 

Mean  Length 

X(v/v> 

No. 

No. 

(X) 

(mm) 

FETAX  soln. 

Control 

OMSO  TCE 

22 

(7.3  +  3.07*) 

25 

(9.0  + 

1.72) 

9.35  i  0.101 

1.0 

18 

(6.0  +  2.63) 

31 

(11.0  + 

1.35) 

9.14  i  0.072 

1.2 

31 

(10.3  i  4.07) 

77 

(28.8  + 

2.42) 

8.92  i  0.124 

0.002 

21 

(7.0  1  6.29) 

58 

(20.9  t 

1.12) 

9.40  i  0.118 

0.035 

115 

(38.3  1  10.69) 

185 

(100) 

7.73  i  0.115 

1.0  0.002 

16 

(5.3  i  1.80) 

81 

(28.7  i 

o 

CM 

9.14  i  0.089 

1.2  0.002 

42 

(14.0  i  4.13) 

118 

(45.9  + 

1.78) 

8.92  i  0.109 

1.0  0.035 

239 

(79.7  1  9.24) 

61 

(100) 

7.55  i  0.219 

1.2  0.035 

260 

(86.7  1  6.44) 

40 

(100) 

7.08  i  0.112 

H  for  all  treatments  equaled  300  embryos  from  three  separate  experiments.  There  were 
12  dishes  of  25  embryos  per  dish. 

^  Standard  Error  of  Mean. 
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Table  6.  Effects  of  Acetone,  Trichloroethylene  (TCE)  and  their  Interactions  on  Mortali¬ 


ty,  Malformation  and  Growth. 


Treatment*  Mortality  Malformation  Mean  Length 


X(v/v) 

No. 

(X) 

■.0. 

<X) 

<nin) 

FETAX  soln. 

Control 

17 

<5.7  i 

2.00**) 

15 

<5.15+  1.44) 

9.36  +  0.069 

Acetone  TCE 

0.9 

37 

<12.3  t 

4.52} 

47 

<17.9  +  1.49) 

9.01  +  0.066 

1.0 

19 

<6.3  i 

2.12) 

124 

<44.3  +  4.13) 

8.91  +  0.095 

0.002 

11 

<3.7  1 

1.51) 

56 

<19.5  +  1.26) 

9.31  +  0.072 

0.035 

77 

<25.7  i 

7.84) 

223 

<100) 

8.21  +  0.179 

0.9  0.002 

34 

<11.3  i 

3.30) 

111 

<41.7  +  2.93) 

9.02  +  0.101 

1.0  0.002 

21 

<7,0  i 

3.94) 

175 

<62.7  +  4.41) 

8.88  +  0.081 

0.9  0.035 

147 

<49.0  + 

7.61) 

153 

<100) 

7.69  +  0.133 

1.0  0.035 

151 

<50.3  i 

9.33) 

149 

<100) 

7.76  +  0.268 

N  for  all  treatments  equaled  300  embryos  from  three  separate  experiments.  There  were 
12  dishes  of  25  embryos  per  dish- 
Standard  Error  of  Mean. 
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Table  7.  Effects  of  Triethylene  Glycol  (TG),  Trichloroethylene  (TCE)  and  their  Interac¬ 
tions  on  Mortality,  Malformation  and  Growth. 


Treatment* 

X(v/v) 

Mortality 

No.  (X) 

Malformation 

No.  <X) 

Mean  Length 

(mm) 

FETAX  soln. 

Control 

32 

<10.7  i 

2.80*’) 

29 

(10*8  +  2.35) 

V 

9.29  +  0.127 

TG  TCE 

1.7 

18 

(6.0  + 

1.87) 

63 

<22.2  i  2.31) 

9.13  1  0.121 

2.0 

23 

<7.7  i 

2.17) 

101 

<36.4  t  2.41) 

8.76  +  0.165 

0.002 

32 

<10.7  i 

2.33) 

74 

<27.5  i  2.70) 

9.24  i  0.129 

0.035 

99 

<33.0  1 

9.57) 

201 

<100) 

8.03  i  0.292 

1.7  0.002 

25 

<8.3  + 

2.28) 

132 

<48.1  t  7.05) 

8.91  i  0.150 

2.0  0.002 

27 

<9.0  i 

2.15) 

192 

<70.3  t  6.97) 

8.60  i  0.182 

1.7  0.035 

130 

<43.3  i 

10.92) 

170 

<100) 

7.62  i  0.354 

2.0  0.035 

151 

<50.3  i 

11.01) 

149 

<100) 

7.39  +  0.387 

^  N  for  all  treatments  equaled  300  embryos  from  three  separate  experiments.  There  were 
12  dishes  of  25  embryos  per  dish. 

^  Standard  Error  of  Mean. 
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%  ANTAGONISM  %  SYNERGISM 


Figure  1. 
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Rgura  1 .  Cosolvant-induced  synargism  or  antagonism  in  FETAX  mortality  and  malformation  endpoints  for 
msthylmarcury  chloride  (MMC).  Zero  value  represents  the  expected  additive  effect  for  the  solvent  and  test 
compound.  Error  bars  are  the  standard  error  of  the  actual  mean  effect  for  the  solvent  and  test  compound.  * 

=  significantly  different  at  psO.OS  and  **  =•  significantly  different  at  p^^O.OOI.  Solvents  are  Dimethyl  Sulfox¬ 
ide  (DMSO),  Acetone  (AC)  and  Triathylana  Glycol  (TG).  Significant  interaction  accounts  for  variation 
between  experiments. 
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Figur*  2 
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Rgure  2.  Cosolvent-inducad  synergism  or  antagonism  in  FETAX  mortality  and  malformation  endpoints  , 
for 

trichloroethylene  (TCE).  Zero  value  represents  the  expected  additive  effect  for  the  solvent  and  test  com¬ 
pound.  Error  bars  are  the  standard  error  of  the  actual  mean  effect  for  the  solvent  and  test  compound.  '  => 
significantly  different  at  p  =>0.05  and  **3  significantly  different  at  p  =0.001.  Solvents  are  Dimethyl  Sulfoxide 
(DMSO),  Acetone  (AC)  and  Triethylene  Glycol  (TG).  Significant  interaction  accounts  for  variation  between 
experiments. 
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ASSESSMENT  OF  THE  DEVELOPMENTAL  TOXICITY  OF  ASCORBIC 
ACID,  SODIUM  SELENATE,  COUMARIN,  SEROTONIN,  AND  13-CIS 
RETINOIC  ACID  USING  FETAX 

Donna  J.  DeYoung,  John  A.  Bantle^  and  Douglas  J.  Fort 
Department  of  Zoology,  Oklahoma  State  University, 

Stillwater,  OK  74078  USA 


ABS.TBACI 

The  developmental  toxid^  of  five  compounds  was  evaluated  with  the 
Frog  Embryo  Teratogenesis  Assay:  Xenojpus  (FETAX)  and  the  results  were 
compared  to  mammalian  literature.  Small  cell  Xenopus  laevis  biastuia 
were  exposed  to  ascorbic  add,  sodium  selenate,  coumarin,  serotonin  and  13* 
cis  retinoic  acid  for  96-hr.  Three  separate  static-renewal  assays  were 
conducted  for  each  compound.  Teratogenic  potential  of  the  test  materials 
was  determined  based  on  Teratogenic  Index  values  [TI»LC50(mortaiity) 
/EC50(malformation)],  types  and  severity  of  induced  malformations  and 
embryo  growth.  Ascorbic  add  had  little  or  no  teratogenic  potential  Sodium 
selenate  and  coumarin  tested  as  having  moderatley  positive  teratogenic 
potential.  Serotonin  scored  as  having  moderately  strong  teratogenic 
potential  and  13-cis  retinoic  acid  scored  as  having  strong  teratogenic 
potential  Results  are  consistent  with  mammalian  data  and  support  the  use 
of  FETAX  for  the  screening  of  developmental  toxicants. 

JN.IRQPU.CI10N 

The  Frog  Embryo  Teratogenesis  Assay:  Xenopus  (FETAX)  is  a 
rapid,  cost-effective  alternative  to  mammalian  teratogenesis  assay  systems 
and  is  helpful  for  identifying  developmental  toxicants.^  Data  may  be  used 
for  prioritizing  samples  for  further  tests  which  currently  use  mammals. 

FETAX  is  a  96  hr  static-renewal  assay  capable  of  determining  the 
developmental  toxicity  of  pure  compounds^"^  and  complex  mixtures.^’^  In 
addition  to  FETAX,  a  successful  metabolic  activation  system  (MAS)  has 
been  developed^*^,  evaluated  and  applied  to  the  smdy  of  toxicological 
mechanisms  of  teratogenesis. 


^To  whom  correspondence  should  be  addressed. 


In  this  report,  we  evaluate  the  developmental  toxicity  of  five 
compounds  using  FETAX  and  compare  the  results  to  mammalian  literature. 

MATERIALS  AND  METHODS 

Animal  care,  frog  breeding  and  embryo  collection  were  performed 
according  to  Dawson  and  Bantle.^ 

Sets  of  20  or  25  embryos  were  placed  in  60-mm  covered  glass  Petri 
dishes  with  a  range  of  concentrations  appropriate  to  each  test  compound 
(Sigma  Chemical  Co.,  St.  Louis,  MO)  dissolved  in  FETAX  solution.^  For 
each  compound  8  to  16  concentrations  were  tested  in  duplicate.  Embryos 
were  exposed  to  FETAX  in  four  separate  control  dishes  of  20  or  25 
embryos  each.  Treatment  and  control  dishes  contained  a  total  of  10  ml  of 
solution  for  25  eggs  exposed  and  8  ml  for  20  eggs  exposed.  Dimethyl 
sulfoxide  was  used  as  a  solvent  for  coumarin  at  a  concentration  less  than 
1.1%  v/v  which  has  been  found  not  to  cause  any  adverse  effects  in 
FETAX.  Because  of  the  relative  insolubility  of  13-cis  retinoic  acid,  stocks 
were  prepared  by  measuring  1  mg  into  1  L  FETAX  solution,  stirring  and 
filtering  with  0.45  um  millipore  filter  paper.  The  stock  concentration  was 
then  determined  by  spectrophotometry  with  a  wavelength  setting  of  354 
nm^^. 

At  least  one  range  and  three  definitive  concentration-response  tests 
were  conducted  for  each  compound.  Tests  run  separately  by  different 
technicians  were  analyzed  together  statistically.  The  pH  of  all  compounds 
tested  was  between  7.0  and  8.0.  Embryos  were  cultured  at  2^^0pl 
throughout  the  test. 


Solutions  were  renewed  every  24  hr  for  a  total  exposure  time  of  96 
hr  and  dead  embryos  were  removed  daily.  At  the  termination  of  the  tests, 
surviving  embryos  were  anesthetized  with  3-aminobenzoic  add  ethyl  ester 
(methanesulfonate  salt)  and  Sxed  with  3.0%  (w/v)  formalin.  The  number  of 
dead,  number  and  type  of  malformations,  and  developmental  stages  were 
recorded  and  determined  using  a  dissecting  microscope.^ 

Probit  analysis^^  determined  the  96  hr  LC50  (median  lethal 
concentration),  96  hr  EC50  (concentration  inducing  malformations  in  50%  of 
the  surviving  embryos)  and  95%  confidence  intervals  for  each  test 
compound.  In  order  to  compare  and  assess  levels  of  teratogenic  potential 
24,8-12^  a  Teratogenic  Index  [TI=LC50  (mortality)/EC50  (malformation)] 
was  also  determined. 

Head-tail  length  (growth)  data  was  collected  at  the  end  of  each 
definitive  test  using  an  IBM-compatible  computer  equipped  with  digitizing 
software  (Jandel  Scientific,  Corte  Madera,  CA).  The  Minimum 
Concentration  to  Inhibit  Growth  (MCIG)  was  calculated  using  the  t-Test  for 
grouped  observations  at  the  p<0.05  level. 

RESULTS 

Final  results  from  the  definitive  tests  with  FETAX  are  presented  in 
Table  1.  Representative  concentration-response  and  growth-inhibition 
curves  for  the  five  compounds  are  illustrated  in  Figures  1  and  2,  respectively. 
In  this  investigation  the  FETAX  solution  control  monality  and  malformation 
rates  were  44  of  1300  (3.4%)  and  72  of  the  1256  survivors  (5.7%), 
respectively.  Control  data  for  dimethyl  sulfoxide,  the  solvent  used  in  the 


testing  of  coumarin,  was  1  of  130  (0.8%)  for  mortality  and  5  of  129  survivors 
(3.8%)  for  malformation.  Acceptable  rates  of  control  mortality  and 
malformation  are  generally  <  10%. 

The  most  common  malfonnation  induced  by  ascorbic  add  was  failure 
of  the  gut  to  coil.  At  concentrations  >  10  mg/mi  loose  gut  coiling  was 
common  along  with  slight  musculoskeletal  kinking.  At  concentrations  >  13 
mg/ml  fadal,  eye  and  brain  malformations  were  also  noted.  Growth  was 
stunted  and  severe  malformations  of  the  gut,  musculoskeletal  system,  face, 
eye  and  heart  occurred  at  concentrations  >  19  mg/mL 

Sodium  selenate  at  concentrations  >  0.002  mg/ml  resulted  in 
embryos  with  edema  and  malformations  of  the  gut,  heart  and  face.  Blistering 
was  evident  at  concentrations  >  0.012  mg/ml. 

Coumarin  induced  musculoskeletal  kinking,  loose  gut  coiling  and 
craniofacial  malformations  at  concentrations  >  0.01  mg/mL  Concentrations 
>  0.04  mg/mi  induced  craniofacial  malformations  consisting  of  a  reduced 
head  size  and  downward  tilting  of  the  head.  Edema,  eye  and  gut 
malformations  occurred  at  concentrations  >  0.07  mg/ml.  The 
malformations  mentioned  above  became  more  severe  at  concentrations 
above  0.13  mg/mi. 

Serotonin  caused  minor  malformations  and  stunting  at  most  of  the 
concentrations  tested.  Embryos  gradually  became  smaller,  shoner  in  length, 
less  developed,  with  blunter  nose,  and  looser  gut  coil.  At  concentrations  > 
1.0  mg/ml,  microencephaly  and  blistering  of  the  dorsal  fin  were  noticed. 
Embryos  were  severely  stunted  at  concentrations  >  3.0  mg/mi. 


IS-cis  retinoic  acid  caused  loose  gut  coiling  and  musculoskeletal 
Idnicing  at  concentrations  >  Oi  ng/ml  Concentrations  >  2.0  ng/ml  resulted 
in  eye  and  brain  malformations.  Qrclopia,  eye  pigment  ruptures,  edema, 
spinal  kinking  and  craniofacial  abnormalities  were  induced  in 
concentrations  >  10  ng/mL 

DISCUSSION 

FETAX  determines  teratogenic  potential  by  comparing  TI  values, 
embryo  growth,  and  the  type  and  severity  of  induced  malformations.  In 
general,  TI  values  <  1.5  indicate  low  teratogenic  potential  and  higher  values 
indicate  an  increase  in  the  potential  hazard.^*^’^*^^  With  higher  TI  values, 
the  monality  and  malformation  dose-response  curves  become  separated  and 
the  potential  for  the  production  of  deformed  embryos  in  the  absence  of 
lethality  increases^.  In  this  investigation,  ascorbic  acid,  TI  of  1.6,  exhibited 
an  overlapping  of  the  curves  as  presented  in  Figure  1.  It  is  therefore 
considered  embryolethal  at  high  concentrations  and  is  not  a  potential 
teratogen.  Sodium  selenate  and  coumarin,  with  TI  values  of  3.0  and  3.2 
respectively,  represent  compounds  with  increasing  separation  of  the  curves 
and  potential  teratogenic  hazard.  Serotonin  and  13 -cis  retinoic  acid,  TI 
values  of  7.6  and  12.7  respectively,  exhibit  wider  separation  of  the  curves,  and 
are  examples  of  compounds  with  strong  teratogenic  hazard.  Because  all 
chemicals  are  potential  teratogens  if  administered  in  appropriate  doses  at 
sensitive  stages  of  development^”^,  it  is  important  to  consider  the  types  and 
severity  of  terata  and  the  concentrations  at  which  they  occur.  Compounds 


with  TI  values  <  1 J  may  pose  a  hazard  to  developing  organisms,  possibly  as 
embryotoxins. 

Developmental  toxicity  may  also  be  assessed  by  considering  the 
MCIG  (expressed  as  %  compound  LC50)^*^’^®.  Rates  of  growth  inhibition 
(i.e.  slope)  and  overall  reduction  in  embryo  growth  vary  with  the  severity  of 
the  teratogen.  Dawson  et  al^  suggest  that  compounds  with  significant 
teratogenic  potential  generally  inhibit  growth  at  concentrations  <  30%  of  the 
respective  LC50  values.  Ascorbic  add  begins  to  inhibit  growth  at  >  50%  of 
the  LC50.  Sodium  selenate  and  coumarin  cause  inhibition  between  28  and 
48%  of  the  LC50.  Serotonin  and  13-cis  retinoic  acid  cause  inhibition 
between  10%  and  16%  of  each  particular  LC50.  In  addition,  serotonin  and 
13-cis  retinoic  add  with  the  highest  TI  values  show  a  sharper  decrease  in 
slope  compared  to  the  other  compounds.  This  characteristic  is  presented  in 
Figure  2  by  the  growth-inhibition  curves. 

The  five  compounds  presented  here  have  been  selected  to  be  part  of 
the  validation  process  of  FETAX  because  of  the  availability  of  mammalian 
literature  for  each^^‘^^.  Although  FETAX  results  cannot  be  directly 
extrapolated  to  mammalian  developmental  toxicity  tests,  comparisons  are 
benefidal  in  order  for  FETAX  to  be  useftil  as  a  screening  assay. 

Ascorbic  add  which  tested  negative  in  FETAX,  has  been  tested  with 
mice,  rats  and  rabbits  in  studies  following  FDA  Segment  11  guidelines.  No 
effects  were  observed  in  rats  up  to  500  or  1000  mg/kg/dy^^"^^.  No  effect 
was  observed  in  mice  up  to  1000  mg/kg^^or  in  rabbits  up  to  500 
mg/kg/dy-^.  Frohberg  et  al.-^  administered  up  to  1000  mg  by  mouth  to 
pregnant  mice  and  rats  on  days  6-15  with  no  adverse  effects  found.  In  fact, 


ascorbic  acid  (ascorbate)  has  been  found  to  protect  against  the  embryole- 
thality  of  N-aceto;Qr-2’aceQrlan]inofluorene  and  2-mtrosofIuorene  (NF),  and 
decreased  the  number  of  flexure  abnormalities  caused  by  NF  in  a  rat  whole 
embryo  culture  system^. 

FETAX  results  for  sodium  selenate  also  agree  with  the  majority  of 
mammalian  literature  reports.  As  a  potential  teratogen  it  tested  positive  in 
FETAX  with  a  TI  of  3.0.  Selenium  occurs  as  selenate  (Se®'‘‘),  selenite 
(Se^"^),  elemental  selenium  (Se®),  and  selenide  (Se^*).  Selenium  induced 
malformations  have  resulted  from  livestock  grazing  on  seleniferous 
ranges.^"^'^  Death  et  al.^"^  reported  malformations  in  lambs  consisting  of 
multiple  cysts  in  eyes,  microphthalmia  and  deformities  of  the  extremities. 
Similar  effects  were  reported  with  horses^^.  However,  early  laboratory 
studies  with  rats  and  cats  fed  a  continuous  diet  of  selenium  did  not  result  in 
any  malformations  in  the  progeny^^.  As  a  result  of  the  interest  in  the 
Kesterson  Reservoir  and  Kesterson  National  Wildlife  Refuge,  Merced 
County,  California,  in  which  selenium  contamination  was  a  factor,  several 
developmental  toxicity  studies  have  emerged.  Sodium  selenite  and 
selenomethionine  were  tested  in  the  laboratory  with  mallards  and 
malformations  found  included  hydrocephaly,  microphthalmia,  lower  bill  and 
foot  defects,  edema  and  stunted  growth^^.  High  rates  of  embryonic  monality 
and  abnormalities  were  also  reported  in  wild  aquatic  bird  populations  at 
Kesterson-^"^^.  An  in  situ  study  was  conducted  using  10  species  of 
mammals  collected  from  Kesterson  Reservoir  and  a  low  rate  of 
abnormalities  was  found.^®  Nobunaga  et  al.^^  conducted  a  study  with  mice 


in  which  the  malformation  rate  of  sodium  selenite  was  not  significantly 
different  from  controls.  Species  cMerences  to  developmental  toxid^  caused 
by  selenium  are  apparent,  however  FETAX  results  agree  with  the  species 
tested  other  than  rats  and  mice  and  further  studies  are  needed. 

Coumarin  is  a  compound  which  also  has  conflicting  reports  in  the 
mammalian  literature  but  is  generally  considered  to  be  a  developmental 
toxin,  especially  for  humans.  Coumarin-induced  abnormalities  are  known  as 
the  fetal  warfarin  syndrome^^  and  the  most  consistent  malformations  in 
humans  have  been  described  by  Shaul  and  HalP^  as  nasal  hypoplasia, 
stippling  of  the  bones,  opthalmologic  abnormalities,  intrauterine  growth 
retardation  and  developmental  delay.  When  administered  to  mice,  coumarin 
elicited  a  low  incidence  of  gross  fetal  malformations  including  cleft  lip  and 
cleft  palate.^"^  A  study  on  rabbits  and  mice  found  that  coumarin  adversely 
affected  normal  implantation  and  placentadon,  but  no  mention  was  made  of 
any  malformations.^^  In  a  similar  study  by  Hirsch  et  aL^^,  rabbits  exposed  to 
coumarin  gave  birth  to  stillborn  fetuses  with  hemorrhages.  One  discrepancy 
between  nonhuman  and  human  data  may  be  due  to  the  fact  that  in  man  and 
the  baboon,  coumarin  is  metabolized  to  7-hydroxycoumarin^^*^^  but  this 
metabolic  pathway  is  relatively  minor  in  the  rat  FETAX  tested  coumarin  as 
a  positive  with  a  TI  of  3,2  and  in  this  case  was  a  better  indicator  of  teratogen¬ 
ic  hazard  than  some  laboratory  non-primate  tests. 

Serotonin  when  tested  in  FETAX  resulted  in  a  TI  of  7.6  and  agreed 
with  mice,  rat,  and  human  data  that  serotonin  poses  a  teratogenic  hazard. 
Defects  reported  in  laboratory  mice  include  kidney,  abdomen,  eye,  limb,  tail, 
skull,  brain  and  CNS  abnormalities.^^*^^  The  teratogenic  effects  of 


serotonin  in  the  laboratory  rat  include  anophthalmia,  hydrocephalus, 
exencephaly,  omphalocele  and  vacuolization  of  myocardial  cells.^^  Reddy  et 
aL^^  reported  evidence  of  the  effects  of  serotonin  in  human  pregnancy. 

The  teratogenicity  of  13-cis  retinoic  acid  (Vitamin  A)  has  been 
observed  in  all  species  tested  including  rat,  mouse,  rabbit,  monkey  and  also 
Xenopus  laevis^^'^^.  Nervous  system  and  craniofacial  defects  are  the  most 
common  terata  reported.  Homan  birth  defects  as  a  result  of  the  use  of  13-cis 
retinoic  acid  are  documented  and  described  as  a  syndrome  of  central  nervous 
system,  aural  and  cardioaortic  defects^^.  J.A.G.  Geelen^^  has  published  a 
survey  on  malformations  reported  in  the  literature  for  Vitamin  A  and  its 
congeners.  FETAX  results,  a  TT  of  12.7  for  13-ds  retinoic  add,  confirm  the 
advice  that  this  treatment  for  cystic  acne  should  be  avoided  in  pregnant 
women. 

The  results  of  this  study  indicate  that  all  five  compounds  agree  with 
the  majority  of  mammalian  literature  available  regarding  teratogenicity. 
Ascorbic  acid,  cited  as  a  negative  teratogen  in  mammalian  literature^^'^^, 
tested  negative  in  FETAX,  Sodium  selenate  and  coumarin,  variable 
positives  in  mammalian  literamre^"^^’^^’^^,  tested  positive  in  FETAX. 
Serotonin  and-13-cis  retinoic  acid,  listed  as  positives  in  mammalian 
literature^^’^^’^2'^,  tested  positive  in  FETAX.  Overall,  FETAX  currently 
has  a  predictive  accuracy  of  89%  including  compounds  tested  with  metabolic 
activation. 
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TABLE  1. 

Deveiopmental  Toxicity  of  Five  Compounds  Tested  with  FETAX 

ggmBft’UVtf _ _ ESSI2* _ TI  MCIC^  MCIG*^ 


Aacorbic  acid 

1 

19.2 

(17.8-20.7) 

11.6 

(10.2-13.2) 

1.7 

10.0 

52 

CAS  50-81-7 

2 

20.3 

(18.7-21.9) 

12.8 

(12.4-13.3) 

1.6 

10.0 

49 

3 

19.6 

(18. 9-20. 3) 

12.0 

(10.4-13.8) 

1.6 

10.0 

51 

Sodium  lelenate 

1 

0.017 

(0.016-0.017) 

0.006 

(0.002-0.013) 

3.0 

0.014 

82 

CAS  12410-10-0 

2 

0.019 

(0.017-0.019) 

0.007  2.8 

(0.006-0.008) 

0.006 

32 

3 

0.027 

(0.026-0.029) 

0.009 

(0.006-0.012) 

3.1 

0.008 

30 

Cotimarin 

1 

0.15 

(0.14-0.15) 

0.038 

(0.025-0.059) 

4.0 

0.01 

7 

CAS  91-64-5 

2 

0.14 

(0.13-0.14) 

0.038 

NA 

3.5 

0.05 

36 

3 

0.10 

NA 

0.045 

(0.037-0.055) 

2.2 

0.04 

40 

Serotonin 

1 

2.74 

(2.55-2.93) 

0.35 

(0.19-0.66) 

7.8 

0.25 

9 

CAS  153-98-0 

2 

3.27 

(3.18-3.36) 

0.39 

(0,21-0.72) 

8.4 

0.60 

18 

3 

3.21 

NA 

0.48 

(0.43-0.54) 

6.7 

1.00 

3 

13-Cis  retinoic 

acid 

1 

37x10"^ 

(25-57x10'*®) 

3x10"® 

(2-3x10"®) 

18.8 

7x10"® 

19 

CAS  4759-48-2 

2 

18x10"® 

(16-22x10"®) 

2x10"® 

(1-3x10"®) 

9.2 

20x10"® 

NA 

3 

36x10"® 

(34-37x10"®) 

4x10"® 

(3-4x10"®) 

10.1 

10x10"® 

28 

a  mg/ml  with  (95%  confidence  interval), 
b  Minifflum  Concentration  to  Inhibit  Growth  as  mg/L. 
c  Minimum  Concentration  to  Inhibit  Growth  ae  a  percent  of  LCSO. 
NA  Not  available. 


RESPONSE  (PROBIT) 


Figure  1.  Representative 
concentration-response 
curves  and  respective 
Teratogenic  Index  values 
for  the  five  compounds 
tested  with  FETAX 
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FIGUSE  2.  Representative 
embrjo  groirth  curves  for 
the  five  compounds. 
Concentrations  are 
expressed  as  percent  of 
the  respective  compound 
LC50.  Groirth  is  expressed 
as  percent  of  mean  FETAX 
solution  control  length. 
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APPENDIX  III 


RAW  DATA 


FEIAX  SUMMARY  SHEET  <9&hr) 

COMPOUND  4—  CAS  #  Gl  "^3 

test  # _ 1- _  TEST  UNITS 


FETAX  CONTROL  MORT.  <N,*/.>  O  FETAX  CONT.  MALF.  (N,*/:) 

SOLVENT  CONT.  MORT.  (N.V.)  SOLVENT  CONT.  MALF.(N.y.)  - - * 

CONTROL  LENGTH  0.^3 _  cm  MCIE_ 


LC50  <MORT.)  95  V.  confidence  limits  '3/5  ^  3. 2-5^ 


EC50  < MALF .  )  3.i>  B 

TI _ 

MORTALITY 
NOEL__2_li. 

LDEL  3 


STATISTICAL  TEST  USED 
95*/;  CONFIDENCE  LIMITS 
STATISTICAL  TEST  USED 


63 


xrTT 


MALFORMATION 

NOEL 

LOEL  ^ 


STATISTICAL  TEST  USED 


lLwii'6inl 


I 


METABOLIC  ACTIVATION 

FETAX  CONT.  MORT.(N,*/.) _ FETAX  CONT.  MALF.  (N,*/.) , 


SOLVENT  CONT.  MORT.  <N,V.) 


MAS  CONT.  MORT.  (N,*/.) 


.SOLVENT  CONT.  MALF.  (N,V.) 
.MAS  CONT.  MALF.  (N,V.> _ 


MAS+SOL.  CONT.  MORT.(N,*/.) 


CYCLOPHOS.  CONT.  MORT. 
(4.0  MG/ML) 


_MAS+SOL.  CONT.  MALF.  (N,V.) 


COMAS+TOX.  CONT.  MORT. 
(  ) 


MAS+SOLVENT  CONTROL  LENGTH 

LC50  (MORT.) _ 

EC50  (MALF.) _ 

TI _ 


.CYCLOPHOS.  CONT.  MALF. 
(4.0  MG/ML) 


COMAS+TOX.  CONT.  MALF. 

(  ) 

_  cm  MCIG _ 


95’,;  CONFIDENCE  LIMITS 
STATISTICAL  TEST  USED' 
95V.  CONFIDENCE  LIMITS. 
STATISTICAL  TEST  USED' 


MORTALITY 

NOEL _ 

LOEL  _ 


MALFORMATION 

NOEL _ 

LOEL _ 


STATISTICAL  TEST  USED 


(a3 


COMPOUND 


CAS  # 


TEST  # 


CONCENTRATION  il^/rv-fc.  MORTALITY  51 


_ 

3o _ 

Z-0 


MALFORMATION  51 

_ Cx _ 


7.  / 

s 

70 

/(7P 


■^e  J 


oc 


EiLAX  SliMMARY  SHill  <96hr) 

COMPOUND,  2-  CAB  #_  9lS-C7~5 

TEST  #  'TP&rf'  _  TEST  UNITS 


FETAX  CONTROL  MORT.  <N,  */.) ',^C^_0_FETAX  CONT.  MALF.<N,*/;) 

SOLVENT  CONT.  MORT.  (N.*/.)  SOLVENT  CONT.  HALF.  (N.V.) 

CONTROL  LENGTH  Q.  _  cm  MCIG  S  (D _ 


LC50  (MORT.)  3.6^  95*/.  CONFIDENCE  LIMITS  S,HX’~'S>.9l 


EC50  (MALF. )  3.  I 

TI  /.  g- 
MORTALITY 
I'^QEL 
LOEL 


STATISTICAL  TEST  USED 
95*,;  CONFIDENCE  LIMITS"^ 
STATISTICAL  TEST  USED 


m 


MALFORMATION 
NOEL  2.>  3 
LOEL 


STATISTICAL  lESJ  USED 


METABOLIC  ACTIVATION 
FETAX  CONT.  MORT.  (N,*/.) _ 


FETAX  CONT.  MALF.  (N,*/.) , 


SDLVEr^T  CONT.MORT.  <N.^y.) 


MAS  CONT.  MORT.  <N,*/.) 


.SOLVENT  CONT .  MALF .  ( N ,  y. ) 
.MAS  CONT.  MALF.  (N,*;> _ 


MAS+SOL.  CONT.  MORT.  (N.V.) 


CYCLOPHOS.  CONT.  MORT. 
(4.0  MG/ML) 


.MAS+SOL.  CONT.  MALF.  (N,*/.) 


COMAS+TOX.  CONT.  MORT. 
(  ) 


MAS+SOLVENT  CONTROL  LENGTH 

LCCO  (MDFT.) _ 

EC50  ( MALF . ) _ 

TI _ 


.CYCLOPHOS,  CONT.  MALF., 
(4.0  MG/ML) 


COMAS+TOX.  CONT.  MALF., 
(  ) 

_  cm  MCIG _ 


?5:;  CONFIDENCE  LIMITS 
STATISTICAL  TEST  USED 
957.  CONFIDENCE  LIMITS 
STATISTICAL  TEST  USED 


MORTALITY 

NOEL _ 

LOEL  _ 


MALFORMATION 

NOEL _ 

LOEL _ 


STATISTICAL  TEST  USED 


COMPOUND 


RAW  DATA  SUMMARY  SHEET  (96hr ) 


CAS  # 


TEST  # 


Eiiei  SUMMARY  SHE£I  (96hr) 

CQNPOUND  .A>v\Ay-/4^^U _  CAS  *  9/^~  ^*7-  ^ _ 

TEST  *__3. _  test  units  _ 

FETAX  CONTROL  NORT.  (N.*/.)  /OOj  /A-^^TAX  CONT.  tIALF.  (N.  •/!) 

SOLVENT  CONT.  NORT.  (N.;:)  .uA  SOLVENT  CONT.  HALF.  (N.’/.) 

CONTROL  LENGTH  cm  HCIG  3.~^^  j/rrS^^ 

LC50  (HORT.)  95V.  CONFIDENCE  LIMITS  f  i  '>  c,  -  cj?'OC-g^ 

Cl  'll  STATISTICAL  TEST  USED  I'-  U 
EC50  (HALF.  )  CONFIDENCE  LIMITsTlT'g  3  - 

^  STATISTICAL  TEST  USED  /^'  Ir  7^^ 

MORTALITY  MALFORMATION 

NOEL  NOEL  “7  5 

LOEL  l-QEL_Jil££_ 

METABOLIC  ACTIVATION 

FETAX  CONT.  MORT.  (N,*/.) _ FETAX  CONT.  HALF.  (N//.) _ 

SOLVENT  CONT.  MORT.  <N^’/.) _ SOLVENT  CONT.  HALF,  (N,  y.)  _ 

MAS  CONT.  MORT.  (N,*/.)  _ MAS  CONT.  HALF.  (N,r.) _ 

MAS+SOL.  CONT.  MORT.(N,!i) _ ^MAS+SOL.  CONT.  MALF.(N,*/.> 


CYCLOPHOS.  CONT. 

MORT. 

CYCLOPHOS. 

CONT.  HALF. 

(4.0  MG/ML) 

(4.  0 

MG/ML) 

COMAS+TOX.  CONT. 

MORT. 

COMAS+TOX 

.  CONT.  MALF. 

( 

) 

( 

) 

MAS+SOLVENT  CONTROL  LENGTH _ 

cm 

MCIG 

LC50  (MORT.) _  ?5L  CONFIDENCE  LIMITS _ 

STATISTICAL  TEST  USED _ 

EC50  (HALF.) _  ?5*,i  CONFIDENCE  LIMITS _ 

STATISTICAL  TEST  USED _ 

TI _ 

MORTALITY  MALFORMATION  STATISTICAL  TEST  USED 

NOEL _  NOEL _ 


LOEL _  LOEL 


STATISTICAL  TESJ  US^ 

t-l  1 1  r  (  1 

fH _ _ 


j 

EilAX  SliMMARY  SH£iI  (96hr) 

COMPQUNE-  h^oAf  > _  CAS  *  -  V7-d^ 

TEST  # _ ^ _  TEST  UNITS  /yO'*^ _ 


FETAX  CONTROL  MORT ■  ( N .  •/. )  ‘SO ^  FET A X  CONT.  MALF.  (N,  */.) 

SOLVENT  CONT.  NQRT.(N.y.)  A>L  SOLVENT  CONT.  MALF.<N.y.)  vA- 


CONTROL  LENGTH 


cm 


MCIG 


5,0 


LC50  (MORT.  )  95'/.  CONFIDENCE  LIMITS 

STATISTICAL  TEST  USED 


EC50  (MALF.) 

95::  CONFIDENCE  LIMITS 

TI  >'v//4 

STATISTICAL 

TEST  USED 

MORTALITY 

MALFORMATION 

STATISTICAL  TEST  USED 

NOEL  > 

NOEL  > 

^  uyyi  ->^  Q  f”l's 

LOEL 

f 

LOEL  ^ 

METABOLIC  ACTIVATION 

FETAX  CONT.  MORT.(N,*/.) _ FETAX  CONT.  MALF.  (N//.) _ 

SOLVENT  CONT.MORT.  <N,^y.) _ SOLVENT  CONT.  MALF.  (N,y.)  _ 

MAS  CONT.  MORT.  <N,y.)  _ MAS  CONT.  MALF.  (N,*/.) _ 

MAS+SOL.  CONT.  MORT.(N,'/.) _ MAS+SOL.  CONT.  MALF.  (N,*/.) 


CYCLOPHOS.  CONT. 

MORT. 

CYCLOPHOS. 

CONT.  MALF. 

<4.0  MG/ML) 

(4.0 

MG/ML) 

COMAS+TQX.  CONT. 

MORT. 

COMAS+TOX 

.  CONT.  MALF. 

< 

) 

( 

) 

MAS+SOLVENT  CONTROL  LENGTH _ 

cm 

MCIG 

LC50  (MORT.) _  95’,;  CONFIDENCE  LIMITS _ 

STATISTICAL  TEST  USED _ 

EC50  (MALF.) _  95’,;  CONFIDENCE  LIMITS _ 

STATISTICAL  TEST  USED _ 

TI _ 

MORTALITY  MALFORMATION  STATISTICAL  lESJ  USED 

NOEL _  NOEL _  _ 

LOEL _  LDEL _  • _ 


FETAX  SUMMARY  SHEET  <96hr) 


COMPOUND 


<P,<  I-  ■bi'i 


TEST  # 


TEST  UNITS 


FETAX  CONTROL  MORT.  (N.'/.)  '  FETAX  CONT.  MALF.  (N. 

SOLVENT  CONT.  MORT.(N.y.)  A/ U  SOLVENT  CONT.  HALF.  <N.y.)  Ia  ,  , 

CONTROL  LENGTH  _  cm  MCIG  C  ^  ^ 


CONTROL  LENGTH  _  cm  MCIG _ ^ 

Z)\^  A/OT 

LC50  <MORT.)  957.  CONFIDENCE  LIMITS 

310  ^t;T  STATISTICAL  TEST  USED 
EC50  (MALF.  )  _2£dLii_  95::  CONFIDENCE  LIMITS 
,,,  STATISTICAL  TEST  USED 

TI  ,V/^ 


MORTALITY 
NOEL  > 

LDEL 


MALFORMATION 
NOEL  >/O.C 
LOEL  -^(O.C 


STATISTICAL  TEST  USED 


Tv  VL  •tk 
”T)  u.-w.w,i:k. 


METABOLIC  ACTIVATION 


FETAX  CONT.  M0RT.(N,7.)_ 
SOLVENT  CONT. MORT.  (N^‘/.> 


MAS  CONT.  MORT.  (N,7.) 


MAS+SOL.  CONT.  MORT .  UJ ,  */. )  _ 

CYCLDPHOS.  CONT.  MORT.  _ 

(4.0  MG/ML) 

COMAS+TQX.  CONT.  MORT.  _ 

(  ) 

MAS+SOLVENT  CONTROL  LENGTH 


FETAX  CONT.  MALF.  (N,7.) 


.SOLVENT  CONT. MALF.  (N,:'.) 
.MAS  CONT.  MALF.  (1-^,:;) _ 


_MAS+SOL.  CONT.  MALF.  (N,:i: 


.CYCLOPHOS.  CONT.  MALF._ 
(4.0  MG/ML) 

COMAS+TOX.  CONT.  MALF. 
(  > 

_  cm  MCIG _ 


LC50  (MORT.) 


EC50  IMALF.) 


?5:;  CONFIDENCE  LIMITS 
STATISTICAL  TEST  USED 
95::  CONFIDENCE  LIMITS' 
STATISTICAL  TEST  USED 


MORTALITY 


MALFORMATION 


STATISTICAL  TEST  USED 


NOEL 


LOEL 


i.'DEu 


COMPOUND 


RAW  DATA  SUMMARY  SHEET  (96hr) 
_  CAS  » 

g _ 


TEST  # 


PEIfiX  SUMMARY  SHEET  <96hr)  ^ 

COMPOUND  _  CAS  *  ;?2  93  ^  -  ^7-  O _ 

TEST  »  c\g-f  3 _  TEST  UNITS _ n\<^  j  &\i _ 

FETAX  CONTROL  MORT.  (N,  7.)  _Z££_^_n_FETAX  CONT.  MALF.  (N.V.)  20o  j  q 
SOLVENT  CONT.  MQRT .  ( N .  7. )  A) H  SOLVENT  CONT.  MALF.  (N.7.)  MH 
CONTROL  LENGTH  O  ^  9^'7  0‘-:  n _  cm  MCIG  7.0 _ 


LC50  <MORT.  )  liilllll  957.  CONFIDENCE  LIMITS  /!• ‘I  ^g/3  -  i/,.  2  33^,2 

STATISTICAL  TEST  USED  l  ui _ 

EC50  (MALF.  )  /3.  HOC- 1  95%  CONFIDENCE  LIMITS  lo-  ?‘roPs:  -  /5.  ?t-  gW 

STATISTICAL  TEST  USED  L  C-J _ 

TI 


MORTALITY 
NOEL  — 


LOEL _ - 


MALFORMATION 
NOEL  — 
LOEL  - 


STATISTICAL  lESJ  USED 
D 


METABOLIC  ACTIVATION 

FETAX  CONT.  M0RT.(N,7.) _ FETAX  CONT.  MALF.  (N, 7.), 


SOLVENT  CONT .  MORT .  <  N  ,  7. ) 
MAS  CONT.  MORT.  (N,7.)  _ 


.SOLVENT  CONT.  MALF.  <N, 7.) 
.MAS  CONT.  MALF.  (N»7.> _ 


MAS+SOL.  CONT.  MORT.  (N,7.) 


CYCLOPHOS.  CONT.  MORT. 
(4.0  MG/ML) 


_MAS+SDL.  CONT.  MALF.  (N,7.) 


COMAS+TOX.  CONT.  MORT. 
(  ) 


MAS+SOLVENT  CONTROL  LENGTH 

LC50  (MORT.) _ 

EC50  (MALF.) _ 

TI _ 


.CYCLOPHOS.  CONT.  MALF. 
(4.0  MG/ML) 


COMAS+TOX.  CONT.  MALF. 

(  > 

_  cm  MCIG _ 


95::  CONFIDENCE  LIMITS 
STATISTICAL  TEST  USED 
95*/i  CONFIDENCE  LIMITS* 
STATISTICAL  TEST  USED 


MORTALITY 

NOEL _ 

LOEL _ 


MALFORMATION 

NOEL _ 

LOEL _ 


STATISTICAL  TEST  USED 


V 


COMPOUND  igr  <e) 

TEST  »  di?f  3 _ 


DNCENTRATIQN  im,  I  I 


FETAX  SUMMARY  SHEET  (96hr) 


^  *7  ^  'y^  J  * 

COMPOUND  '7  If  C  'y.'p^^uti'.’x-' 

TEST  #Zi= _ _ _ 

FETAX  CONTROL  MORT.  (N.‘/.)  IOC. 
SOLVENT  CONT.  MORT.  (N,V.) _ 


CAS  # 


3 -^7  '  iT— 


TEST  UNITS  A^WT'/ 


CONTROL  LENGTH  41141^?! 
LC50  (MORT.)  >.5"/ 
EC50  (MALF.)  ‘Ol^- 


.FETAX  CONT.  MALF.  (N,  */;)  ^ 
.SOLVENT  CONT.  MALF.<N,*/.) 


cm  MCIG  ‘0^ 


/‘P.  ? 


95y.  CONFIDENCE  LIMITS  -rr?  - 
STATISTICAL  TEST  USED  t,-i^ 

95*.:  CONFIDENCE  LIMITS. .ol7P;>$ 
STATISTICAL  TEST  USED  L'W  _ 


MORTALITY 


NOEL 


LDEL 


MALFORMATION 


NOEL  / 


LOEL 


STATISTICAL  TEST  USED 


Pu  ■HTf/ 


METABOLIC  ACTIVATION 


FETAX  CONT.  MORT.(N,*/.) _ 

SOLVENT  CONT.  MORT.  (N.^::) _ 

MAS  CONT.  MORT.  (N,*/.)  _ 

MAS+SOL.  CONT.  MORT.<N,:'.) 

C/CLOPHOS.  CONT.  MORT.  _ 

(4.0  MG /ML) 

COMAS+TOa.  CONT.  MORT.  _ 

(  ) 


MAS+SOLVENT  CONTROL  LENGTH 


.FETAX  CONT.  MALF.  (N,*/.) _ 

.SOLVENT  CONT. MALF. (N,:0 _ 

.MAS  CONT.  MALF.  (N,*/.) _ 

_MAS+SDL.  CONT.  MALF.  (N,*/.) 


CYCLOPHOS.  CONT.  MALF. _ 

(4.0  MG/ML) 

COMAS+TOX.  CONT.  MALF. 

(  ) 

_  cm  MCIG _ 


LC50  (MORT.) 


EC50  (MALF. ) 


95::  CONFIDENCE  LIMITS 
STATISTICAL  TEST  USED. 
95::  CONFIDENCE  LIMITS. 
STATISTICAL  TEST  USED 


MORTALITY 


MALFORMATION 


STATISTICAL  TEST  USED 


NOEL 


NOEL 


LOEL 


LOEL 


RAW  DATA  SUMMARY  SHEET  (96hr ) 

COMPOUND  _  CAS  »  1  SI  O  "  ^  ' 

TEST  #  Oi- 


A 


~:T 


CONCENTRATION  >. 

f  ^'rc  / _ 


,0\ 


.  c 


03 


u 


r 


L 


MORTALITY  'L 

P 


r 


/ 


Li 


MALFORMATION  'A 

P.  / 


f /  7 


TP-  P- 


2IjL 


3i.  $ 


/  o  o 


COMPOUND 


FETAX  SUMMARY  SHEET  <96hr) 


‘p-  Azac^^i  Ji/ye _  QftS  #  '3>'3.0  -  1^1  -  ^ _ 

TEST  »  A _  TEST  UNITS  _ 

FETAX  CONTROL  MORT.  (N.'/.)  /t)g.  0  FETAX  CONT.  MALF.  (N.M)  /QO .  7^- 

SOLVENT  CONT.  MORT .  ( N .  •/. )  V /a  SOLVENT  CONT.  MALF.<N.y.)  /vA 

CONTRQL  LENGTH  _  cm  MCIG  <  ><  <■  W 

LC50  (MORT.  )  .  95*/.  CONFIDENCE  LIMITS  5^  7-/  71 1  -  3 0 

^  STATISTICAL  TEST  USED 
EC50  (MALF.)  >  95-  CONFIDENCE  LIMITS  'D:<^ 

.  /  STATISTICAL  TEST  USED 

Ti  y/4  - 


MORTALITY 


NOEL 


MALFORMATION 
NOEL  .  O  36 


STATISTICAL  TEST  USED 


LDEL  «  ^ 


LOEL 


Vvii  t/s 


METABOLIC  ACTIVATION 

FETAX  CONT.  MORT.(N,*/.) _ 

SOLVENT  CONT.  MORT.  (N,-/.)  _ 

MAS  CONT.  MQRT.(N,*/.)  _ 

MAS+SOL.  CONT.  MORT.(N,V.) 

CYCLOPHOS.  CONT.  MORT.  _ 

(4.0  MG /ML) 

COMAS+TOX.  CONT.  MORT.  _  COMAS+TOX.  CONT.  MALF. _ 

(  )  (  > 

MAS+SOLVENT  CONTROL  LENGTH _  cm  MCIG _ 

LCSO  (MORT.) _  ?5’,:  CONFIDENCE  LIMITS _ 

STATISTICAL  TEST  USED _ 

EC50  (MALF.) _  95:;  CONFIDENCE  LIMITS _ 

STATISTICAL  TEST  USED _ 

TI _ 

MORTALITY  MALFORMATION  STATISTICAL  TE^  US^ 

NOEL _  NOEL _  _ 


FETAX  CONT.  MALF.  (N,*/.) _ 

SOLVENT  CONT. MALF.  (N,*/.)  _ 

MAS  CONT.  MALF.  (N//.) _ 

MAS+SOL.  CONT.  MALF.  (N,:'.) 

CYCLOPHOS.  CONT.  MALF. _ 

(4.0  MG/ML) 


LOEL 


LOEL 


RAW  DATA  SUMMARY  SHEET  (96hr) 
COMPOUND  6-  _  CAS  # 


TEST  #. 


CONCENTRATION 


,  oc6o 


,  OOlft> 


,  O  ( t'-D 


.  c’Sicrc; 


,  0^60 


,  CltTD 


,  c  ^So 


.  0^0-0 


.C^6o 


,c6c^ 


.  Vjztc 


bCVC’ 


.  SC^ 


MALFORMATION  % 

7.6^ 


.60 


I  o.^so 


6  .ct) 


/4,31) 


)  L  ,oo 


6L  0.  VO 


A  3,  6^ 


Q.  L cli 


33 


QlI.  70 


f  oT> ,  ot:> 


]Ci) .  cro 


I  C<Z>  .  o'O 


/  <?  O  .  ->■ 


/  00  .  C-Zj 


i/ud- 

EEIAX  SjiMMARV  £HKI  <96hr) 

COMPOUND  5-  ^Z4f^4-(  <jt.  _  CAS  *  5:3-0  -Ul-'L- _ 

TEST  #  3 _  test  units  /Wl- _ _ 

FETAX  CONTROL  MORT.  (N. V.)  (Ot? ^  FETAX  CONT.  MALF.(N.‘/.)  3^.7^ 

SOLVENT  CONT.  MORT.(N.y.)  xA  SOLVENT  CONT.  MALF.<N.y.) 

CONTROL  LEI'vIGTH  ,  ~J  ^  ^  cm  MCIG  ■*  i  1/^ _ 

LC5C)  (MORT.  )  95V  CONFIDENCE  LIMITS  Ab'(.3^Q7Z-  . 

STATISTICAL  TEST  USED  /(t,  , 

EC50  {mLF .  )  ^S*/!  CONFIDENCE  LIMITS  ^1  ssc.  -  .c~}\<==hio) 


TI  ‘(.0 

STATISTICAL 

TEST  USED  i-'.-tcirAL.  li  /c.y, /^ev:o*v 

MORTALITY 

MALFORMATION 

STATISTICAL  TEST  USED 

NOEL  . 

NOEL  ^  .C^ 

LOEL  .  ^ 

LDEL 

METABOLIC  ACTIVATION 

FETAX  CONT.  MORT.  (N,*/.) _ FETAX  CONT.  MALF.  (N,*/i>  ^ 

SOLVENT  CONT.  MORT.  <N,y.) _ SOLVENT  CONT.  MALF.  (N,y.) 


MAS  CONT.  MORT.  (N,*/.)  _ MAS  CONT.  MALF.  (N,*/.) _ 

MAS+SOL.  CONT.  MORT.  (N,y.) _ ^MAS+SOL.  CONT.  MALF.  (N,7.) 


CYCLOPHOS.  CONT. 

MORT. 

CYCLOPHOS. 

CONT.  MALF. 

(4.0  MG/ML) 

(4.0 

MG /ML) 

CONAS+TOX.  CONT. 

MORT. 

COMAS+TDX 

.  CONT.  MALF. 

( 

) 

( 

) 

MAS+SOLVENT  CONTROL  LENGTH _ 

cm 

MCIG 

LC50  (MORT.) _  05::  CONFIDENCE  LIMITS _ 

STATISTICAL  TEST  USED _ 

EC50  (MALF.) _  ?5!;  CONFIDENCE  LIMITS _ 

STATISTICAL  TEST  USED _ 

TI _ 

MORTALITY  MALFORMATION  STATISTICAL  TESl  US^ 

NOEL _  NOEi. _  _ 

LOEL _  LDEL _  _ 


COMPOUND 
TEST  # 


RAW  DATA  SUMMARY  SHEET  (9&hr ) 

^  ••  vj-i,  j  ,  A--i^ _  CAS  # _ ^"^-O  ~  ^'7-'2- 

3 _ 


CONCENTRATION 

_ ,  O'L  _ 

_ .  0“^ _ 

.OH _ 

_ _ 

j 

.on _ 

.  _ 


.  I  o 


'-<0 


Jz£l 

.no 

.  hc 


MORTALITY  % 

I'Z 

_ d. _ 

10 

M 

_ ^ _ 

_ W 

_ ^ _ 

_ K.... 

H 

t  L 

—ZJ _ 

— j.-:/—  . 

5g _ 

7U 

76 


MALFORMATION  % 

^  ^.n 

36. 35 

3f  ■  lo 
5'63 

S'/,  y 

'51.^ 

S 

7^.  $ 

^7.  o 

71  ■  ^ 

/OV.O 
(  OiO>  rO 
I  oV.o 

/OV-O 
/  010.0 

fCV  0 _ 

/C~L>.0 


SUMMARY  gHEET  (9&hr) 
CQMPQUIvlD  M  ii  ff  c  V .-,  \  c, _  CAS  # _ '■ 


CAS  »  5'^  -  Q  5  -  2L 


TEST  # 


TEST  UNITS 


FETAX  CONTROL  MORT.  <N,  */.)  42_ 

SOLVENT  CDNT.  MORT.  (N,*/.) _ 

CONTROL  LENGTH  . 


CONT 


.  NALF.  (N.M)  5^0*? 


cm  MCIG 


CONT.  NALF.  (N.y.) 

IG _ t  O  ^  ^  q  _ 


LC50  (M0RT.)_i2m_  95y.  CONFIDENCE  LIMITS  ( > 

STATISTICAL  TEST  USED  £^PA-  TroL,'-/ 

EC50  (HALF.)  .  C I  95*;  CONFIDENCE  LIMITS  (  ^oiZI  -  .  o2fc3) 

STATISTICAL  TEST  USED  E'PA  Prob.-+ 

TI  - 


MORTALITY  MAL^RMATION 

“D.-D  /v^T 

C!  ^  '  MHP! 


NOEL 


LOEL 


NOEL 


.I>i0 


STATISTICAL  lESJ  US^ 


>5,  -fz?  ri. 


METABOLIC  ACTIVATION 


FETAX  CONT.  MORT.  (N, 7.) _ 

SOLVENT  CONT.MORT.  (N,7.) _ 

MAS  CONT.  MORT.  (N,7.)  _ 

MAS+SOL.  CONT.  MORT.  (N,7.)_ 

CYCLOPHOS.  CONT.  MORT.  _ 

(4.0  MG/ML) 

COMAS+TOX.  CONT.  MORT.  _ 

(  ) 

MAS+SOLVENT  CONTROL  LENGTH 


.FETAX  CONT.  MALF.(N,y.>_ 
.SOLVENT  CONT.MALF.  (N,y.) 
.MAS  CONT.  MALF.  (N,y.) _ 


.MAS+SOL .  CONT.  MALF.  (N,*/.) 

.CYCLOPHOS.  CONT.  MALF. _ 

(4.0  MG/ML> 


COMAS+TOX.  CONT.  MALF. 

(  ) 

_  cm  MCIG _ 


LC50  (MORT.) 


EC50  (MALF.) 


95«  CONFIDENCE  LIMITS 
STATISTICAL  TEST  USED* 
957.  CONFIDENCE  LIMITS 
STATISTICAL  TEST  USED 


MORTALITY 


MALFORMATION 


STATISTICAL  TEST  USED 


NOEL 


NOEL 


LOEL 


LOEL 


RAW  PATA 

13 1  vr'(^  T t  5‘f,/v^ 

simmi  susEi 

(9^)^)^) 

COMPOUND  V'.xK 

CAS  # 

5^-0^  -2_ 

TEST  # 


CONCENTRATION 

MORTALITY  7. 

MALFORMATION  % 

C  crw^  eC 

0 

6’  0 

/  o^ol _  O 

,OCo^ _  O _  _ 


n  0 

0 

^0.  0 

,co6o 

0 

^1.7 

0  1  oc 

u 

^ /..7 

1 C ‘p  a  0 

C 

.  1  OITO 

.....  1  0  ,C0 

Q 

,  ^  CTD 

!  3.93 

f  .c 

1  , 

74. (.7 

lot),  0 

/ '  5JZ>7> 

/C5D.00 

1,5V.  00 

— 

.r,'i 


EilAX  iUMMARY  gH|.iL  <96hr) 


TEST  #. 


COMFC'JIJD _ c  'I  /-iQ  ■>.  Vo  (l _  CAS  *  ^7  ~ ~  ^ _ 

TEST  «  ll- _  TEST  UNITS  _ 

FETAX  CONTROL  NORT.  (N.*/.)  7"/*  FETAX  CONT.  MALF .  ( N ,  */: ) 

SOLVENT  CONT.  MQF.T.(N.:;)  A/^  SOLVENT  CONT.  MALF.  <N,  */.) 

CONTROL  LENSTH  «  _  cm  MCIS  »CA  /,yJL 

LC50  (MQFT.  )  .  95V.  CONFIDENCE  LIMITS  ,  5  V ^ 

STATISTICAL  TEST  USED  <-/i^ 

EC50  (MALF.;  ■  0-^2^  95L  CONFIDENCE  LIMITS  ^oao'?  -  -^2.c//) 

STATISTICAL  TEST  USED  £:  ?f<ce>n 

Ti 


mortality 


NOE- 


LDEL  > 


MALFORMATION 


NOEL 


LOEL  .  C  I 


STATISTICAL  TEST  USED 


rol 


METABOLIC  ACTIVATION 


FETAX  CONT.  MQRT.(N,*/;) _ 

SOLVENT  CONT.MORT.  (N,*/.)  __ 

MAS  CONT.  MORT.  <N,V.)  _ 

MA5+S0L.  CONT.  MORT.(N,V.) 


CYCLOF-HOS.  CONT.  MORT.  _ 

(4.0  MO/ML) 

COMAS+TOX.  CONT.  MORT.  _ 

(  ) 

MAS+SOLVENT  CONTROL  LENGTH. 


.FETAX  CONT.  MALF.  (N,*/.) _ 

.SOLVENT  CDNT.MALF.  (N,V.) _ 

.MAS  CONT.  MALF.  (N,V.) _ 

_MAS•^SOL.  COrJT.  MALF.  (N,V;) 


.CYCLOPHOS.  CONT.  MALF. _ 

<4.0  MG/ML) 

COMA5+TOX.  CONT.  MALF., 
(  > 

_  cm  MCIG _ 


LC50  (MOFT.) 


EC 50  (MALF. 


95*,.  CONFIDENCE  LIMITS 
STATISTICAL  TEST  USED 
95*..  CONFIDENCE  LIMITS 
STATISTICAL  TEST  USED- 


MORTALITY 


MALFORMATION 


STATISTICAL  TEST  USED 


NOEL 


LOEL 


LOEl 


COMPOUND 


JM 


EilQX  SUMMARY  SH^I  <96hr) 

COMPOUND  -  HC  \  CAS  #  5^6''^^"'^ 

TEST  #  <3 _  test  units _ .yr>n/y»JL 


FETAX  CONTROL  MORT.  (N.V.)  FETAX  CONT.  MALF.  (N.*/.)  ^ 

SOLVENT  CONT.  MORT.(N.-/.)  SOLVENT  CONT.  MALF.(N.y.) 

CONTROL  LENGTH___j_J1.^1^£ _  cm  MCIS  ^ 


LC50  (MORT.)  .^3^0^31  95*/.  CONFIDENCE  LIMITS /.3‘=1  o  17  -  .4  7 

STATISTICAL  TEST  USED  L.'f^U  v.V  ii  /  u/i 
EC50  (MALF.  )  ■^{.■373^/  95/;  CONFIDENCE  LIMITS  Y  -  .3^536^1)) 

,  STATISTICAL  TEST  USED  L  /  iV, 

TI 


MOFTALITY 
NOEL  .  05 
LOEL  .  ^3 


MALFORMATION 
NOEL 
LOEL 


?.6 


STATISTICAL  TE^  !^ED 

_ ^•H-6 

TX<.r\n^4}3  _ 


METABOLIC  ACTIVATION 

FETAX  CONT.  MORT.(N,*/.) _ FETAX  CONT.  MALF.  (N//.) 


RAW  DATA  SUMMARY  SHEET  (96hr) 


COMPOUND  c  -  Y  KCl 

TEST  #_A _ 


CAS  » 


CONCENTRATION 

C™+-fcli 

MORTALITY  */. 

MALFORMATION  */. 

7.  a 

.  D-O 

y.i 

i 

00.1 

a 

53  0 

.  ^0 

a 

ICTD.O 

,  33 

.30 

/  00. 0 

, 

lOt.D 

!  OD.  c? 

m3 

ho 

lou.o 

.  ^0 

ICTD.O 

• 

.'oO 

!0O 

— 

.10 

I'o  o 

_ _ 

/hC 

1  C:  O 

— 

• 

.  ^0 

/  CO 

- - 

:  .  :v 

fCO 

— 

FETAX  SUMMA^  SHEgl  (9fehr) 

COMPOUND  ci- (\^.,|'<,  KC-l  CAS  ^ 
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COMPOUND 


COMPOUND 


TEST  # 


SUMMARY  SHEET  (96hr) 

r?s/  6 - -  CAS  #  lo 


FETAX  CONTROL  MORT.  (N,  */.) , 
SOLVENT  CONT.  MORT.<N,*/.) 
CONTROL  LENGTH  0 « 

LC50  (MORT.  )  9 

EC50  (MALF.  )  /•  ^/ 


TEST  UNITS 


tLFETAX  CONT.  MALF .  < N ,  */; )  12 
_ SOLVENT  CONT.  MALF.  (N,y.) 


_  cm  MCIG_JLiA 

95V.  CONFIDENCE  LIMITS  ^ 

STATISTICAL  TEST  USED _ 

95*;  CONFIDENCE  LIMITS  f. 
STATISTICAL  TEST  USED 


Jo  ■7-X.<iS 

0  ^  J>  S 


MORTALITY 


NOEL  ^  .  O 
LOEL 


MALFORMATION 
NOEL  /.  Q 
LOEL  / 


STATISTICAL  lE^  USED 


METABOLIC  ACTIVATION 


FETAX  CONT.  MORT.(N,*/.) _ 

SOLVENT  CONT.  MORT.  (N,V.)  _ 

MAS  CONT.  MORT.  (N,*/.)  _ 

MAS+SOL.  CONT.  MORT.  (N,V.) 


CYCLOPHOS.  CONT.  MORT.  _ 

(4.0  MG/ML) 

COMAS+TOX.  CONT.  MORT.  _ 

<  ) 

MAS+SOLVENT  CONTROL  LENGTH 


.FETAX  CONT.  MALF.  (N,*/.)  _ 
.SOLVENT  CONT .  MALF .  ( N ,  V. ) 
.MAS  CONT.  MALF.  (l-i,*/.) _ 


_MAS+SOL.  CONT.  MALF.  (N,*/.) 

.CYCLOPHOS.  CONT.  MALF. _ 

(4.0  MG/ML) 

COMAS+TOX.  CONT.  NALF._ 
(  ) 

_  cm  MCIG _ 


LC50  (MORT.) 


EC50  (MALF.) 


95:;  CONFIDENCE  LIMITS 
STATISTICAL  TEST  USED 
95V.  CONFIDENCE  LIMITS 
STATISTICAL  TEST  USED 


MORTALITY 


MALFORMATION 


STATISTICAL  TEST  USED 


NOEL 


NOEL 


LOEL 


LOEL 


COMPOUND 
TEST  # 


RAW  DATA  SUMMARY  SHEET  (96hr) 

CAS  # _ 

_ 


CONCENTRATION  i  ).  MORTALITY  5i 

_  _ Q. _ 


MALFORMATION  % 

— - 


Q 

/■  2^^ 


o 


o 


2^0 
(o  o 

?o 

/ro 


XI 

j-o 

/ro 

ICZi 

/ro 

/go 

/erg 

/CTD 


Pe-f 


EilAX  SUMMARY  SHSil  <9&hr) 

CQMPQUND  /(  hXC'fU^- _  CAS  #  ^  ^  4  -  i 

TEST  #__J2 _  test  units  _ 


FETAX  CONTROL  MORT.  <N,  */.)  _1£_£_FETAX  CONT.  MALF.CN./l)  ,  ^^.7 

SOLVENT  CONT.  MORT.(N,*/.) _ SOLVENT  CONT.  MALF.  (N,y.> _ 

CONTROL  LENGTH  «  _  cm  MCIG  X _ 


LC50  (MORT. ) 


4^3- 


?5y.  CONFIDENCE  LIMITS 


I  /  //  STATISTICAL  TEST  USED  ~  ^  _ 
EC50  (HALF.  )  h  ^  b  ^  95:;  CONFIDENCE  LIMITS  ♦  9  6/-/./ 7 

I  ^  -  STATISTICAL  TEST  USED 


TI _ 

MORTALITY 
NOEL 
LOEL 


■}.  :■ 


MALFORMATION 
NOEL  I ' '}' 
LOEL  ^ 


STATISTICAL  TE^  USED 

Pu. 


A’ 


Pu  y 


METABOLIC  ACTIVATION 

FETAX  CONT.  MQRT.CN,*/.) _ FETAX  CONT.  MALF.(N//.), 


SOLVENT  CONT. MORT.  (N,*/.) 


MAS  CONT.  MORT.  (N,*/.) 


.SOLVENT  CONT.MALF.  (N,*/.) 
.MAS  CONT.  MALF.  (N,*/.> _ 


MAS+SOL.  CONT.  MORT.CN.V.) 


CYCLOPHOS.  CONT.  MORT. 
(4.0  MG/ML) 


_MAS+SDL.  CONT.  MALF.  (N,’/.) 


COMAS+TOX.  CONT.  MORT. 
(  ) 


MAS+SOLVENT  CONTROL  LENGTH 

LC50  (MORT.) _ 

.  EC 50  (MALF. ) _ 

TI _ _ 


.CYCLOPHOS.  CONT.  MALF., 
(4.0  MG/ML) 


COMAS+TOX.  CONT.  MALF. 
(  ) 

_  cm  MCIG _ 


95::  CONFIDENCE  LIMITS 
STATISTICAL  TEST  USED 
95::  CONFIDENCE  LIMITS 
STATISTICAL  TEST  USED 


MORTALITY 

NOEL _ 

LOEL  _ 


MALFORMATION 

NOEL _ 

LOEL _ 


STATISTICAL  TEST  USED 


(  At 


COMPOUND 


;  RAW  DATA  SUMMARY  SHEET  (96hr) 


CAS  #. 


TEST  # 


) 


CONCENTRATION  ( 

>. 

MORTALITY  */. 

. 

MALFORMATION  */. 

.  r 

;?.«rr 

P  ).63 

// 

??-<ro 

i 

/ 

f 

3 

r 

■  A  ^ 

/•3 

-  A'^ 

•  t  ' 

hi 

■7  — 

!0  0 

hi 

^'60 

_ 

COMPOUND^ 
TEST  ^ 


EilAX  SUMMARY  SHEEI  (96hr) 


CAS  # 


TEST  UNITS 


(  y// 


FETAX  CONTROL  MORT.  (N.‘/.)  flO^  FETAX  CONT.  MALF.  (N.*/:!'  ’ll ^  I.S 


SOLYEriT  CONT.  MORT.  (N,  7.) _ SOLVENT  CONT.  MALF.  (N,  7.) 


CONTROL  LENGTH  0  ^ 


cm 


MCIG  />^ 


LCfO  (MORT.;  1.21 
EC50  (MALF. )  I  »  j±o 

T1  ^  •  3 


957.  CONFIDENCE  LIMITS  (.7-^  • 
STATISTICAL  TEST  USED  L/vi/ 

95!:  CONFIDENCE  LIMITS  jISzIEII^ 
STATISTICAL  TEST  USED  LyiCli 


MORTALITY 
NOEL  I 
LOEL  I' ^ 


MALFORMATION 

NOEL_li3r_ 

LOEL  /»*4 


STATISTICAL  lEST  USED 


METABOLIC  ACTIVATION 

FETAX  CONT.  MORT.  (N,!!) _ FETAX  CONT.  MALF.  (N, 7.) _ 

SOLVErJT  CONT.  MORT.  (N^7.) _ SOLVENT  CONT.  MALF.  (N,7.>__ 

MAS  CONT.  MORT.  (M, 7.)  _ MAS  CONT.  MALF.  (N, 7.) _ 

MAS+SOL.  CONT.  MORT.  (rL7.) _ MAS+SOL.  CONT.  MALF.(N,!:) 

CYCLOPHOS.  CONT.  MORT.  _ CYCLOPHOS.  CONT.  MALF. _ 

<4.0  MG. 'ML)  (4.0  MG /ML) 


CQMAS+TOX.  CONT.  MORT.  _  COMAS+TOX.  CONT.  MALF. 

(  )  (  ) 

MAS+SOLVEI-JT  CONTROL  LENGTH _  cm  MCIG _ 

LC50  (MOPT.  ) _ =5!:  CONFIDENCE  LIMITS _ 

STATISTICAL  TEST  USED _ 

EC 50  'MALF.; _  957.  CONFIDENCE  LIMITS _ 

STATISTICAL  TEST  USED _ 

TI  _ 


MALFORMATION  STATISTICAL  lE^  USED 

NOEL _  NQEi. _  _ 

LOEL _ LOEL _  • _ 


RAW  DATA  SUMMARY  SHEET  (?6hr) 


0^4 


EEIAX  SUMMARY  SH?ET  (96hr) 

COMPOUND  O/Tl-^O _  CAS  »  6  7^  ( ^  '  S' _ 

TEST  #  9^ _  TEST  UNITS  V  fr> _ 

FETAX  CONTROL  MORT.  (N.V.)  HO  ;^*</"?FETAX  CONT.  MALF.  (N.*/.)  5V  .'7./^ 

SOLVENT  CONT.  MORT.(N,*/.) _ SOLVENT  CONT.  MALF.  <N,y.) _ 

CONTROL  LENGTH  .  ^>4  S _  cm  MCIG.  1.7 _ 

LC50  (MORT.  )  /•  95*/.  CONFIDENCE  LIMITS  7>1 

.  STATISTICAL  TEST  USED  CT'r)  p.'cl,.r _ 

EC50  (MALF.  )  /♦^7  PS/l  CONFIDENCE  LIMITS  /■  i  /  -  /■  7 _ 

.  STATISTICAL  TEST  USED  r  _ 

llJLtA  '' _ 

MORTAuiTY  MALFORMATION  STATISTICAL  TESJ  USED 

NOEL  -Ll-  NOEL  /-  ^  _ 

LQEL  LOEL  ^  •  J  !?  _ 


METABOLIC  ACTIVATION 

FETAX  CONT.  MORT.(N,*/.) _ FETAX  CONT.  MALF.  (N, 7.) _ 

SOLVENT  CONT.  MORT.  <N, 7.) _ SOLVENT  CONT.  MALF.  (N, 7.) _ 

MAS  CONT.  MORT.  (N^ 7.)  _ MAS  CONT.  MALF.  (N, 7.) _ 

MAS+SOL.  CONT.  MORT.  (N, 7.) _ MAS+SDL.  CONT.  MALF.  (N, 7.) _ 

CYCLOPHOS.  CONT.  MORT.  _ CYCLOPHOS.  CONT.  MALF. _ 

(4.0  MG/ML)  (4.0  MG/ML) 

COMAS+TOX.  CONT.  MORT.  _  COMAS+TOX.  CONT.  MALF. _ 

(  )  (  ) 

MAS+SOLVENT  CONTROL  LENGTH _  cm  MCIG _ 

LC50  (MORT.  ) _  95::  CONFIDENCE  LIMITS _ 

STATISTICAL  TEST  USED _ 

EC50  (MALF.) _  PS*'.  CONFIDENCE  LIMITS _ 

STATISTICAL  TEST  USED _ 

TI _ 

MORTALITY  MALFORMATION  STATISTICAL  TE^  USED 

NOEL _  NOEL _  _ 

LOEL  _  LOEL _  • _ 


COMPOUND 


TEST  # 


RAW  DATA  SUMMARY  SHEET  (96hr) 
_  CAS  # 


CONCENTRATION  (✓/(//■*  ) 

^  f»  1 

MORTALITY  X 

MALFORMATION  */. 

'9,IC 

•  r 

.•7 

.JO 

•T 

'•/ 

1  .o 

C.  ^’7 

/iP  .  7/ 

/•P- 

0 

7  ■ 

/-  ^ 

?. 

S'?-,  if 

).r 

93 .7 'i 

too 

!  ^ 

c> 

(dj 

/.^ 

0 

'z  ^ 

-7/^-  5  v 

m 

O 

/•  • 

ho 

FETAX  SUMMARY  SHEET  (96hr) 


CQMPOUND_ 

TEST  # _ 3 


ISO 


CAS  # 


TEST  UNITS 


V/i^. 


FETAX  CONTROL  MORT.  <N,  */.)  i££,_£_FETAX  CONT.  MALF.  (N.  */.) 

SOLVENT  CONT.  MORT.(N,:'.)  _ SOLVENT  CONT.  HALF.  <N,*/.> _ 

CONTROL  LENGTH  »  g/? _  cm  MCIG  L  _ 

LC50  <MORT.)  L  95V.  CONFIDENCE  LIMITS  \.U  -  _ 

,  STATISTICAL  TEST  USED  fid-  ^ .  Kc^ c ■■ 

EC50  (MALF.  )  /•  X  ^  95*;  CONFIDENCE  LIMITS  .  y/  -  Ls. _ 

I  ^  STATISTICAL  TEST  USED 

TI  \..3 


MORTALITY 
NOEL  L .  ^ 
LDEL  00 


MALFORMATION 
NOEL  OL 
LOEL  i  -  QO- 


STATISTICAL  TEST  USED 


METABOLIC  ACTIVATION 

FETAX  CONT.  MORT.(N,V.) _ FETAX  CONT.  MALF.  (N,*/.) 


SOLVENT  CONT.MORT.  <N,V.) 


MAS  CONT.  MORT.  <N,V.) 


.SOLVENT  CONT. MALF.  (N,V.> 
.MAS  CONT.  MALF.  (N//.) _ 


MAS+SOL.  CONT.  MORT.(N,V.) 


CYCLOF'HOS.  CONT.  MORT. 
<4.0  MG,' ML) 


_MAS+SOL.  CONT.  MALF.  (N,V.> 


COMAS+TOX.  CONT.  MORT. 
<  ) 


MAS+SOLVENT  CONTROL  LENGTH 

LC50  (MORT.) _ 

FC50  (MALF. ) _ 

TI _ 


.CYCLOPHOS.  CONT.  MALF., 
(4.0  MG/ML) 


COMAS+TOX.  CONT.  MALF. 

(  ) 

_  cm  MCIG _ 


95:;  CONFIDENCE  LIMITS 
STATISTICAL  TEST  USED 
95:;  CONFIDENCE  LIMITS 
STATISTICAL  TEST  USED 


MORTALITY 

NOEL _ 

LOEL _ 


MALFORMATION 

NOEL _ 

LDEL _ 


STATISTICAL  TEST  USED 


CONCENTRATION  ) 


1,% 

LL 

IlL 

1.7 

I 

i  ^  / 

n 


A 


IS 


!L. 

IL 

j±_ 

9o 


Si! .  ^ 
7^. 


/0S> 

/  <:>(:> 

r». 


7 


^  OC> 


FETAX  SUMMARY  SHEET  {96hr) 
COMPOUND  /I  CU _  CAS  ♦  1 


TEST  UNITS 


TEST  »  'Pd\:i>vt  X- _ 

FETAX  CONTROL  MORT.  (N,%)  FETAX  CONT.  MALF.(N>%)  7^  ^  7 

SOLVENT  CONT.  MORT. (N,%) _ SOLVENT  CONT.  MALF.{N,%) _ 

s0  6 


CONTROL  LENGTH  4  ?  7 S' S  S' 
SOL.  CONT.  LENGTH 
LC50  (MORT.) 


cm  MCIG 


cm 


EC50  (MALF.)  ^  0 
TI 

MORTALITY 
NOEL  .  ^ 


95%  CONFIDENCE  LIMITS  ^  Z  I  ^  •S^2) 

STATISTICAL  TEST  USED  j,  ,tehf,ele(-  tMifCcirSc^ 

95%  CONFIDENCE  LIMITS  .p/g  -  .pji _ 

STATISTICAL  TEST  USED  /  ./r*.  -  uy.  Irc^So^ 


MALFORMATION 
NOEL  /  Op-^ 


STATISTICAL  TEST  USED 


LOEL 


LOEL  '<^7 


METABOLIC  ACTIVATION 


FETAX  CONT.  MORT. (N,%) 


FETAX  CONT.  MALF. (N,%) 


SOLVENT  CONT.MORT.  (N,%)_ 
MAS  CONT.  MORT.(N,%) 


_SOLVENT  CONT. MALF. (N,%) 
MAS  CONT.  MALF.(N,%) 


MAS+SOL.  CONT.  MORT.(N,%) 


MAS+SOL.  CONT.  MALF.(N,%) 


CYCLOPHOS.  CONT.  MORT. 
(4.0  MG/ML) 

COMAS+TOX.  CONT.  MORT. 

(  ) 


MAS+SOLVENT  CONTROL  LENGTH 

LC50  (MORT.) _ 

EC50  (MALF.) _ 

TI 


CYCLOPHOS.  CONT.  MALF. 
(4.0  MG/ML) 


COMAS  +  TOX.  CONT.  MALF. 


( 


) 


cm  MCIG 


95%  CONFIDENCE  LIMITS 
STATISTICAL  TEST  USED" 
95%  CONFIDENCE  LIMITS" 
STATISTICAL  TEST  USED" 


MORTALITY 


NOEL_ 

LOEL 


MALFORMATION 


NOEL 


STATISTICAL  TEST  USED 


LOEL 


CONCENTRATION 


I 


tJORIAULIY  *4 


MALFORMATION  'A 


3^ 

{00 

•  3 

!  00 

.  ‘f 

(O^ 

FETAX  SUMMARY  SHEET  (96hr) 


COMPOUND  / 
TEST  #  It 


FETAX  CONTROL  MORT. (N,%)  go, 
SOLVENT  CONT.  MORT. (N,%) _ 


CONTROL  LENGTH 

SOL.  CONT.  LENGTH _ 

LC50  (MORT.) 

EC50  (MALF.)  ^ 

TI  IL3  ^ 

MORTALITY 


_  CAS  f  7 ^ _ 

TEST  UNITS_  /»//*>/ _ 

r  FETAX  CONT.  MALF.  (N>%)  7/. 

_ SOLVENT  CONT.  MALF.{N,%) _ 

cm  MCIG  >0$ 


95%  CONFIDENCE  LIMITS  .  ^ 

STATISTICAL  TEST  USED  f //!■  fr,v.r 
95%  CONFIDENCE  LIMITS  -  .o(.Oi 

STATISTICAL  TEST  USED  t  U  -  u^.  Ir^i- 


MALFORMATION 


STATISTICAL  TEST  USED 


LOEL 


LOEL 


COMPOUND,. 
TEST  #  U 


RAW  B^A  SUMMARY  SHEET  (9fehr) 

'  )('CU  CAS  #_  -  7?-  ‘f 


VENDOR/LOT  # 


CONCENTRATION  i /^^A/  ) 
>  QO  _ 

>  g/ _ 

-■...  _ 

^  _ 

iQ  <4 _ 

.05 _ 

_J _ 

_ 

.X _ 

__i _ 


MOBIALITY  X 

7. 

7.5^ 

/^.r 

r- 

5'" 

/p  ♦  1" 

ip,r 

/r 

r^r 

.IZ.r  ... 


MALFO^ATION 

ff  .97- 

/upc 

P  h7C 

<fi  'ir 


(oo 

(£>0 


fo  o 


(  00 


COMPOUND 


CAS  # 


TEST  #  ^  test  onits_ 

FETAX  CONTROL  MORT .  ( N > % )  SO ,  Ur  FETAX  CONT.  MALE.  (N,%)  ’IS'. 


SOLVENT  CONT.  MORT . ( N , % )  SOLVENT  CONT.  MALE. (Nr %)  — 

CONTROL  LENGTH  7  ^  3  i _ cm  MCI6  ^  ^ 

SOL.  CONT.  LENGTH -  cm 


LC50  (MORT. /)•  6*^3^  95%  CONFIDENCE  LIMITSO^C^  B  ^  ! 

STATISTICAL  TEST  USED  4  W _ 

EC50  (MALF.)(0.<9^^  j  95%  CONFIDENCE  LIMITSq.q 0 S>.7<i 


STATISTICAL  TEST  USED 


MORTALITY 


NOEL  ^  ^  1 
LOEL 


MALFORMATION 


NOEL 

LOEL  >  g  /  ^ 

METABOLIC  ACTIVATION 


STATISTICAL  TEST  USED 


FETAX  CONT.  MORT.(Nr%) _ 

SOLVENT  CONT. MORT. (Nr %) _ 

MAS  CONT.  MORT. (Nr %)  _ 

MAS+SOL.  CONT.  MORT.  (Nr%). 

CYCLOPHOS.  CONT.  MORT.  _ 

(4.0  MG/ML) 

COMAS+TOX.  CONT.  MORT.  _ 

(  ) 


MAS+SOLVENT  CONTROL  LENGTH 


_FETAX  CONT.  MALF. (Nr%) _ 

_SOLVENT  CONT. MALE. (Nr %) _ 

MAS  CONT.  MALF. (Nr %) _ 

_MAS+SOL.  CONT.  MALF.(Nr%). 

CYCLOPHOS.  CONT.  MALF. _ 

(4.0  MG/ML) 

COMAS  +  TOX.  CONT.  MALF. 


cm  MCIG 


LC50  (MORT.)_ 
EC50  (MALF.) 


95%  CONFIDENCE  LIMITS 
STATISTICAL  TEST  USED" 
95%  CONFIDENCE  LIMITS" 
STATISTICAL  TEST  USED" 


MORTALITY 


NOEL 


MALFORMATION 


NOEL 


STATISTICAL  TEST  USED 


LOEL 


LOEL 


^  ,  J  -  , 

—  ■  •nL  /• 
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/r 
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FETAX  SUMMARY  SHEET  (96hr) 

COMPOUND  CAS  | _ 

TEST  ♦  10  /  TEST  UNITS _ ^ 


FETAX  CONTROL  MORT.  (N,%)  BOjB.?S'  FETAX  CONT.  MALF.  (N,%)  '  ,  S-  ^  ^ 

SOLVENT  CONT.  MORT.(N,%) _ SOLVENT  CONT.  MALF.  (N,%) _ 

CONTROL  LENGTH _ rm  MCIG  ,  O  ^ i 

SOL.  CONT.  LENGTH 
LC50  (MORT.) 


cm  MCIG_ 
cm 


nA.  95%  CONFIDENCE  LIMITS  Af-r-  _ 

STATISTICAL  TEST  USED 
EC50  (MALF.)  95%  CONFIDENCE  LIMITS  .e  /  ryy  —  •ois'in 

STATISTICAL  TEST  USED  _ 

TI  A/ 

MORTALITY 
NOEL  •  I 


LOEL  T' 


MALFORMATION 
NOEL  '0  J 
LOEL  ^  c  /jT 
METABOLIC  ACTIVATION 


STATISTICAL  TEST  USED 
A/  pl^Sr)- 


(  t 


FETAX  CONT.  MORT.(N,%) 


FETAX  CONT.  MALP.(N,%) 


SOLVENT  CONT. MORT. (N,%) 
MAS  CONT.  MORT.(N,%) 


^SOLVENT  CONT. MALF.  (N,%), 
MAS  CONT.  MALF.(N,%) 


MAS+SOL.  CONT.  MORT. (N,%) 


MAS+SOL.  CONT.  MALF. (N,%) 


CYCLOPHOS.  CONT.  MORT. 
(4.0  MG/ML) 

COMAS+TOX.  CONT.  MORT. 

(  ) 


MAS+SOLVENT  CONTROL  LENGTH 

LC50  (MORT.) _ 

EC50  (MALF.) _ 

TI 


CYCLOPHOS.  CONT.  MALF. 
(4.0  MG/ML) 


COMAS  +  TOX.  CONT.  MALF. 

(  ) 

cm  MCIG 


95%  CONFIDENCE  LIMITS 
STATISTICAL  TEST  USED" 
95%  CONFIDENCE  LIMITS" 
STATISTICAL  TEST  USED" 


MORTALITY 


NOEL_ 

LOEL 


MALFORMATION 

NOEL _ 

LOEL 


STATISTICAL  TEST  USED 
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FETAX  SUMMARY  SHEET  {96hr) 
- 

CAS  # 


COMPOUND  c 


TEST  #  9“^" 


TEST  UNITS  ^  ^ 


FETAX  CONTROL  MORT .  (N , % )  fo,  ^•'^FETAX  CONT.  MALE.  (N,%)  .^,^7 

SOLVENT  CONT.  MORT.(N,%)  SOLVENT  CONT.  MALF.(N,%)  " 

CONTROL  LENGTH  »  ^  ^  ^  ^ _ cm  MCIG  •  ^  Lf  1L^ _ 

SOL.  CONT.  LENGTH  ^  cm 

LC50  (MORT.)  95%  CONFIDENCE  LIMITS  « /  ^  /  I 

STATISTICAL  TEST  USED  L.  UJ _ 

EC50  (MALF.)  .  ^  95%  CONFIDENCE  LIMITS .(K‘ 8 ^ 

TI_Jj_£_2_ 

MORTALITY 


ifrj- 


STATISTICAL  TEST  USED  i^-tj 
M7iLFORMATION  STATISTICAL  TEST  USED 


NOEL  .^575" 
LOEL  / 


NOEL  .<»o^ 

LOEL  .gif' 
METABOLIC  ACTIVATION 


FETAX  CONT.  MORT. (N,%) 


FETAX  CONT.  MALF. (N,%) 


SOLVENT  CONT.MORT.  {N,%), 
MAS  CONT.  MORT.(N,%) 


SOLVENT  CONT. MALF. (N,%) 
MAS  CONT.  MALF.(N,%) 


MAS+SOL.  CONT.  MORT.(N,%) 


MAS+SOL.  CONT.  MALF.(N,%) 


CYCLOPHOS.  CONT.  MORT. 
(4.0  MG/ML) 

COMAS+TOX.  CONT.  MORT. 

(  ) 


MAS+SOLVENT  CONTROL  LENGTH 

LC50  (MORT.) _ 

EC50  (MALF.) _ 

TI 


CYCLOPHOS.  CONT.  MALF. 
(4.0  MG/ML) 


COMAS  +  TOX.  CONT.  MALF. 


( 


) 


cm  MCIG 


MORTALITY 


NOEL_ 

LOEL 


95%  CONFIDENCE  LIMITS 
STATISTICAL  TEST  USED" 
95%  CONFIDENCE  LIMITS" 
STATISTICAL  TEST  USED" 

MALFORMATION 
NOEL 


STATISTICAL  TEST  USED 


LOEL 


(  1  •* 

5^- 

cor:TnCL= 

f/O 

(P 

toety 

e> 

A 

tO  if 

0» 

iO  t 

y' 

iT 

,01^ 

r 

>01 

0 

/ojr 

r 

to  Lj- 

UD 

<? 

lo  _ 

o 

,s7r  • 

j.f... 

.r_. 

/  o$ 

.  1  r 

.#  .  .® . 

(q_ 

."IZiT 

/> 

It. 

.-r .._ 

Co 

Co 

.7 _ 

(lyu 

1r 

-X...- 

1  Oo 

£> 


/r 

_5l._ 

z-r' 

Z-Jl 

l£l 

;Z^ 

Jf 

lie 


Lqo 


r.i-iHL.F. 

UM 

lUL.  i£_ 

TCTAL  •/. 

lii-sro 

IUf  u:ir 

17.7  ? 

jUn^Kdr 

IfSJ  3XH9 

'po  C^.er 

47-  ^7 

IjX> 

l&o 

FETAX  SUMMARY  SHEET 


Test  Material 


Investigator 


HofD^ir 


CAS  No.  ^ 
Composition 


Lot  No. 


// 


Test  Start  Date 


Test  End  Date 


s°-«- 


Cone.  ^  ^ 


Test  Units 


'TT^/ ^J/ 


—  pH  — 

Stock 

DAY  1 

DAY  2 

DAY  3 

DAY  4 

DAY  5 

~1>o 

Control 

~1.  i, 

v:  3 

v:  ? 

-7.^ 

Highest  Cone. 

V-  5 

L  ^ 

7!  ^ 

MORTALITY 

MALFORMATION 

FETAX  Control  (No./total:  Yo) 

®/o 

-7/‘^'h  :  T’S  % 

Solvent  Control 

:  :2.0  «/o 

% 

Control  Length  mm 

Solvent  Control  Length 

mm 

Minimum  Concentration  to  Inhibit  Growth  (MCIG) 

TEST  MATERIAL/COMPOUND  RESULTS 


TEST 

MORTALITY 

MALFORMATION 

STATISTICAL  TEST  USED 

NOEL 

<0,  iO  /r).a/'1h7 

LOEL 

/  , 

C<  _ 

5°  ..  ^  CT..  /.-X.  0/5^^ 

ECjo  7)AL? 

95%  Confidence  limits 

95%  Confidence  UmL  ^  ^  '^q ^ 

TEST  TREATOCENIC  INDEX  (TI) 

CONTROL:  6  AMINONICOTINAMIDE  (ANT)  RESULTS 


CONCENTRATION 

MORTALITY 

MALFORMATION 

5.5  mg/mi 

'^■CT'  :  ^  ®/o 

. .  :  % 

2500  mg/mi 

^r;  :  'OC'  »/o 

' —  :  «/o 

CONTROL  {ANT)  TERATOGENIC  INDEX  (TI) 

FETAX  RAW  DATA  SUMMARY  SHEET  (96  Hr.) 


■j^yCfT 


ri.  I  «n/\  «9uiviivi/^i\  I  oncci 


Test  No. 


Lot  No. 


Composition 


Test  Stspt  D<ite  ^ 


Test  End  D.t. 


Test  Units  /  a 


DAY  1 

DAY  2 

DAY  3 

DAY  4 

DAY  5 

Stock 


Control 


Highest  Cone 


FETAX  Control  (No./total:  %) 


Solvent  Control 


Control  Length  Ol  ttQmxa 


MORTALITY 


MALFORMATION 


Solvent  Control  Length 


Minimum  Concentration  to  Inhibit  Growth  (MCIG)  G.<D  {  '7?\^y 


TEST  MATERIAL/COMPOUND  RESULTS 


TEST 


NOEL 


LOEL 


MORTALITY 


95%  Confidence  limits 


TEST  TREATOGENIC  INDEX  (TI) 


CONTROL;  6  AMINONICOTINAMIDE  (ANT)  RESULTS 


FETAX  SUMMARY  SHEET 


Test  No. 


Test  Material  ^ 

Source  ^ 
- 

CAS  No. 
Composition 
Solvent  _ 


Lot  No. . 


Investigator/ 

- Lm 

Test  Start  Date  . 


Test  End  Date  ,  _  ^ 

_ 


Cone.  — 


Test  Units 


Stock _ ^ 

Control 
Highest  Cone. 

FETAX  Control  (No./total:  %) 
Solvent  Control 


DAY  1 

(p  -  s 


DAY  2 

(oA 


DAY  3 

/  s 


DAY  4 

DAY  5 

L5 

y.  / 

MORTALITY 


Control  Length  5^ tY'  mm  Solvent  Control  Length  — - 

Minimum  Concentration  to  Inhibit  Growth  (MCIG)  O,  OO^ 


MALFORMATION 

^ :  1C  % 

z: :  -  % 

mm 


TEST  MATERIAL/COMPOUND  RESULTS 


MORTALITY 


TEST  MORTALITY 

llo.  r9/g/rte/Wl< 

if!£ _ Cl.QI-^yTi^U 

95%  Confidence  limits 
TEST  TREATOGENIC  INDEX  (TI) 


MALFORMATION 


STATISTICAL  TEST  USED 


ECso  l^cqy  icT^^ 

95%  Confidence  Limits  ^ 

I-/  9? 


/.  1^9^  y/o. 


CONTROL:  6  AMINONICOTINAMIDE  (ANT)  RESULTS 


FETAX  RAW  DATA  SUMMARY  SHEET  (96  Hr.) 


FETAX  SUMMARY  SHEET 


Test  No.J)_j2. 


Stock 


Control 


Highest  Cone. 


DAY  I 


DAY  2 


DAY  3 


DAY  4 


DAY  5 


re. 

No. 


FETAX  CONTROL 


Oetd  or  Holformcd 


Total  Nunbar 


X  100  »  % 


Solvent  Control 


MORTALITY. 

RECORD 


MALFORMATION 

RECORD 


XiOO-  ^  I  :0.ll  X 


--  :  X100»  ^  %  I  —  :  ^  X100  = 


Solvent  Control  Length  — 


Control  Length  mm 


Minimum  Concentration  to  Inhibit  Growth  (MCIG)  (^70  ^ 


TEST  MATERIAL/COMPOUND  :  RESULTS 


NOEL 


95%  Confidence  limits  j  _  \  (./ly/C' 


TEST  TER.4T0GENIC  INDEX  (TI  =  LC50  /EC50  )  j ,  ^ 


POSITIVE  CONTROL:  6  AMINONICOTINAMIDE  (6-AN)  RESULTS 


FETAX  RAW  DATA  SUMMARY  SHEET  (96  Hr.) 


FETAX  SUMMARY  SHEET 


FETAX  Control  (No./total:  %) 


Solvent  Control 


Solvent  Control  Length 


Control  Length  ^  ^  mm 


Minimum  Concentration  to  Inhibit  Growth  (MCIG)  /  3,5 


TEST  MATERIAL/COMPOUND  RESULTS 


CONTROL:  6  AMINONICOTINAMIDE  (ANT)  RESULTS 


FETAX  RAW  DATA  SUMMARY  SHEET  (96  Hr.) 


tt/ 


I  L.  I  r\/\  «juiviivi«ni\  I  once  I 


FETAX  Control  (No./total:  %) 


Solvent  Control 


Solvent  Control  Length 


Control  Length/^  mm 


Minimum  Concentration  to  Inhibit  Growth  (MCIG)  /.  OD 


TEST  MATERIAL/COMPOUND  RESULTS 


TEST  TREATOGENIC  INDEX  (TI) 


CONTROL:  6  AMINONICOTINAMIDE  (ANT)  RESULTS 


rciMA  ftMVv  UM  iM  duiviiviMf\i  OHCC I  tir.; 


The  Raw  Data  for  Trichloroethylene,  Acetone  and  Dimethyl 
Sulfoxide  Are  Contained  Within  the  Text  of  the  Solvent 

Interaction  Study. 


SlidMARY  SH&il  <96hr) 

COMPOUND  \  t  ^  i  !' r  C  cas  *  “1  ^-(^/-  U 

TEST  »  /r  '/r,.-  / _  test  UNITS  Ur/  /»  • _ 

FETAX  CONTROL  MORT.  (U.  V.)  ^  ^  cv,  FETAX  CONT.  MALF.CN.^,^  .  2. 

SOLVENT  CONT.  MORT .  (N,  V.)  _ijA_SDLVENT  CONT.  M ALF .  < N ,  V. )  _W___ 

CONTROL  LENGTH _  cm  MCIG _ 

LC50  (MQFT.y.<0^fg^‘  95V.  CONFIDENCE  LIMITS _ 

^  ;  STATISTICAL  TEST  USED _ 

EC50  (MALF.r»Q/0  Csflj  gSL  CONFIDENCE  LIMITS _ 

-n  ..  >  .  STATISTICAL  TEST  USED 

TI^g.1  - 

MOFTALITY  MALFORMATION  STATISTICAL  TE^  USED 


NOE_ 

LOEL 


NOEL 

LOEL 


METABOLIC  ACTIVATION 

FETAX  CONT.  MQRT.(N,*/;) _ FETAX  CONT.  MALF.  (N,V.) _ 

SOLVENT  CONT.MDRT.  <N,V.) _ SOLVENT  CONT.  HALF.  (N,V.)  _ 

MAS  CONT.  MORT.  <N,V.)  _ MAS  CONT.  MALF.  (14^*/.) _ 

MAS+SOL.  CONT.  MORT.(N.V.) _ MAS+50L.  CONT.  MALF.(N,V.) 

CYCLOPHOS.  CONT.  MORT.  _ CYCLOPHOS.  CONT.  MALF. _ 

(4.0  MG/ML)  (4.0  MG/ML) 


COMAS+TOX.  CONT.  MORT.  _  COMAS+TOX.  CONT.  HALF. 

(  )  (  > 

MAS+SOLVENT  CONTROL  LENGTH_ _  cm  MCIG _ 

LC5C)  (MOFT.) _  ?5*.;  CONFIDENCE  LIMITS _ 

STATISTICAL  TEST  USED _ 

EC50  (MALF.) _  95:.  CONFIDEfiCE  LIMITS _ 

STATISTICAL  TEST  USED _ 

TI _ 


MORTALITY  MALFORMATION  STATISTICAL  lEST  USED 

NOEL _  NOEl. _  _ 


The  Raw  Data  for  6-Aininonicotinainide  is  not  contained  because  it 

was  supported  by  another  grant. 


COMPOUND 


^lAX  SUMMARY  SHEEI  (96hr) 

CAS  *  /gj-f' 


TEST  # 


Pi- 


TEST  UNITS 


FETAX  CONTROL  MORT .  ( N . '/. )  lOi>  }i^  FET  AX  CONT.  MALF.  (N.V.)  J 

SOLVENT  CONT.  MORT.  (N,*/.) _ SOLVENT  CONT.  MALF.  <N,*/.) _ 

CONTROL  LENGTH  .  ^  ?  7 _  cm  MCIG  _ 

LC50  (MORT.)  95*/.  CONFIDENCE  LIMITS 

STATISTICAL  TEST  USED  _ 

EC50  (MALF.)  *11^  S'  RS’yl  CONFIDENCE  LIMITS  *  H  4 .1^7 

STATISTICAL  TEST  USED  _ 

TI  /Jg_ _ 


MORTALITY 

NOEL _ 

LDEL _ 


MALFORMATION 

NOEL _ 

LDEL  _ 


STATISTICAL  TES'  USED 


METABOLIC  ACTIVATION 

FETAX  CONT.  MORT.(N,*/.) _ FETAX  CONT.  MALF.  (N,*/.) , 


SOLVENT  CONT. MORT. (N,:0 
MAS  CONT.  ‘MORT.  (N,*/.)  _ 


.SOLVENT  CONT .  MALF .  ( N ,  y. ) 
.MAS  CONT.  MALF.  (N,*/.) _ 


MAS+SOL.  CONT.  MORT.(N,y.) 


CYCLOPHQS.  CONT.  MORT. 
(4.0  MG, -ML) 


_MAS+SOL.  CONT.  MALF.  (N,*/.) 


COMAS+TOX.  CONT.  MORT. 
(  ) 


MAS+SOLVENT  CONTROL  LENGTH 

LC50  (MORT.) _ 

EC50  (MALF.) _ 

TI _ 


.CYCLOPHOS.  CONT.  MALF., 
(4.0  MG/ML) 


COMAS+TOX.  CONT.  MALF., 
(  ) 

_  cm  MCIG _ 


95::  CONFIDENCE  LIMITS 
STATISTICAL  TEST  USED 
95::  CONFIDENCE  LIMITS 
STATISTICAL  TEST  USED 


MORTALITY 

NOEL _ 

LDEL _ 


MALFORMATION 

NOEL _ 

LDEL _ 


STATISTICAL  TEST  USED 


COMPOUND. 


TEST  #. 


RAW  DATA  SUMMARY  SHEET  (96hr ) 

fi  qJ  ^  -P' 


QNCENTRATION  ) 


MORTALITY  7. 


MALFORMATION  */. 


oL 


EilAX  SUMMARY  Stii-iL  <9fehr) 

COMPOUND  ^  S.-' O. CAS  *  (C  7  ^  ^ 

f  ^ 

TEST  #  X _  TEST  UNITS  _ 


FETAX  CONTROL  MORT.  <N.y.)  FETAX  CONT.  MALF.  (N.’/l)  ^ L  J 

SOLVENT  CONT.  MORT.  (N,:0 _ SOLVENT  CONT.  MALF.  <N,*/.) _ 

CONTROL  LENGTH  •  - _  cm  MCIG  ^  _ 


•  ^  i 


_ ■  •  _  cm 

LC50  (MORT.)  •I^^r  95*/.  CONFIDENCE  LIMITS  #  ^  ^ 

STATISTICAL  TEST  USED 

EC50  (MALF.  )  RS/l  CONFIDENCE  LIMITS  . ^ 

,  ^  STATISTICAL  TEST  USED  an  i. 

TI  1,^5^ 


r 


MORTALITY 

NDEL_^^^L_ 


LOEL  A  '^- 


MALFORMATION 

HQEL 

LOEL  // 


STATISTICAL  TEST  USED 


METABOLIC  ACTIVATION 

FETAX  CONT.  MORT.  (N, 7.) _ FETAX  CONT.  MALF.  (N, 7.) _ 

SOLVENT  CONT.MORT.  (N,7.) _ SOLVENT  CONT.  MALF.  (N, 7.) _ 

MAS  CONT.  MORT.  (N, 7.)  _ MAS  CONT.  MALF.  (N//.) _ 

MAS+SOL.  CONT.  MORT.  (N, 7.) _ ^MAS+SOL.  CONT.  MALF.  (N, 7.) _ 

CYCLOPHOS.  CONT.  MORT.  _ CYCLOPHOS.  CONT.  MALF. _ 

(4.0  MG/ML)  (4.0  MG/ML) 

CONAS+TQX.  CONT.  MORT.  _  COMAS+TOX.  CONT.  MALF. _ 

(  )  (  ) 

MAS+SOL  VENT  CONTROL  LENGTH _  cm  MCIG _ 

LC50  (MORT.) _  95:;  CONFIDENCE  LIMITS _ 

STATISTICAL  TEST  USED _ 

EC50  (MALF.  ) _  95:'.  CONFIDENCE  LIMITS _ 

STATISTICAL  TEST  USED _ 

TI _ 

MORTALITY  MALFORMATION  STATISTICAL  TEST  t^ED 

NOEL _  NOEL _  _ 

LOEL _  LOEL _  ' _ 


COMPOUND  •"' 

TEST  # _ 


CONCENTRATION 


FETAX  itUIM^RY  gH^il  <96hr) 


COMPOUND _ f"  CAS  # 

TEST  #  dsLjJ^CL^  TEST  UNITS  ^^Ag-/ mL 


—  V  \J 

FETAX  CONTROL  MORT.  (N.V.)  ?3i5  FETAX  CONT.  MALF.  (N.*/!)  "7  5?^  ^ 

SOLVENT  CONT.  MORT .  ( N .  V. )  AJ A-  SOLVENT  CONT.  MALF.<N,y.)  jJil 

_ cm  Mc:e _ slS _ 


CONTROL  LEN6TH _ 

LC50  (MORT.),  -  >.J>C) 
EC50  (MALF.)  >10 
TI_>J _ 

MORTALITY 
NOEL  — 

LOEL  . — 


95V.  CONFIDENCE  LIMITS _ 

STATISTICAL  TEST  USED _ _ 

95/;  CONFIDENCE  LIMITsTa?.  ~  Ci 
STATISTICAL  TEST  USEL  duj^UJM^ 


MALFORMATION 
NOEL  0  /  (^ 
LOEL 


STATISTICAL  TEST  USED 


METABOLIC  ACTIVATION 

FETAX  CONT.  MORT.(N,V.) _ FETAX  CONT.  MALF.(N,V.), 


SOLVENT  CONT. MORT.  <N,V.) 
MAS  CONT.  MORT.  <N,*/.>  _ 


.SOLVENT  CONT .  MALF .  ( N ,  V. ) 
.MAS  CONT.  MALF.  (N,V.> _ 


MAS+SOL.  CONT.  MORT.  (N.V.) 


CYCLOPHOS.  CONT.  MORT. 
(4.0  MG/ML) 


_MAS+SDL.  CONT.  MALF.  <N,V.) 


COMAS+TOX.  CONT.  MORT. 
(  ) 


MAS+SOLVENT  CONTROL  LENGTH 

LC50  (MORT.) _ 

EC50  (MALF.) _ 

TI _ 


CYCLOPHOS.  CONT.  MALF. 
(4.0  MG/ML) 


COMAS+TOX.  CONT.  MALF., 
(  > 

_  cm  MCIG _ 


95*,;  CONFIDENCE  LIMITS. 
STATISTICAL  TEST  USED. 
95V.  CONFIDENCE  LIMITS 
STATISTICAL  TEST  USED 


MORTALITY 

NOEL _ 

LOEL _ 


MALFORMATION 

NOEL _ 

LOEL _ 


STATISTICAL  TEST  USED 


FETAX  SUMMARY  SHEET  (96hr) 


/ 


COMPOUND  _  CAS  #  5*9 -66 -S _ 

TEST  ♦  it- _  TEST  UNITS  //hU^ _ 

FETAX  CONTROL  MORT.  (N,%)  lOV.  H  FETAX  CONT.  MALF.(N,%)  3>  Z 

SOLVENT  CONT.  MORT .  (N , % )  A/k  SOLVENT  CONT.  MALF.(N,%)  ./tz/o- 

CONTROL  LENGTH  /I//4 _ cm  MCIG _ A/ _ 

SOL.  CONT.  LENGTH  A/Zf  cm 


TEST  UNITS 


SOLVENT  CONT .  MORT . (N , % ) 


CONTROL  LENGTH 


LC50  (MORT.)  > , I 
EC50  (MALF.)  >  ..  ( 


95%  CONFIDENCE  LIMITS 
STATISTICAL  TEST  USED" 
95%  CONFIDENCE  LIMITS" 
STATISTICAL  TEST  USED" 


MORTALITY 

NOEL  DiD  /LtoT  i2u.V 


MALFORMATION 


NOEL 


STATISTICAL  TEST  USED 


LOEL  LOEL 


METABOLIC  ACTIVATION 


FETAX  CONT .  MORT . { N , % ) _ 

SOLVENT  CONT. MORT. (N,%) _ 

MAS  CONT.  MORT.{N,%)  _ 

MAS+SOL.  CONT.  MORTi(N,%)__ 

CYCLOPHOS.  CONT.  MORT.  _ 

(4.0  MG/ML) 

COMAS+TOX.  CONT.  MORT. 

{  ) 

MAS+SOLVENT  CONTROL  LENGTH 


_PETAX  CONT.  MALP.(N,%) _ 

_SOLVENT  CONT. MALE. (N,%) _ 

MAS  CONT.  MALF.(N,%) _ 

_MAS+SOL.  CONT.  MALP.(N,%) 

CYCLOPHOS.  CONT.  MALF. _ 

(4.0  MG/ML) 


COMAS  +  TOX.  CONT.  MALF. 


cm  MCIG 


LC50  (MORT.) 
EC50  (MALF.) 


95%  CONFIDENCE  LIMITS 
STATISTICAL  TEST  USED" 
95%  CONFIDENCE  LIMITS" 
STATISTICAL  TEST  USED" 


MORTALITY 


MALFORMATION 


STATISTICAL  TEST  USED 


NOEL 


NOEL 


LOEL 


LOEL 


COMPOUND 
TEST  # 


RAW  SUMMARY  SHEET  (9&hr) 

74?.t?4z;zc>|  _  CAS  _ 

^  ^  _  VENDOR/LOT  »  96^  '^^15 


MQEIALITY  \ 

H 


(lAtFSRiaAiioy.  'u 

5.  a 


CONCENTRATION  I 


cDe.-j'  ^  / 


FETAX  SiiMMARY  SHEET  <9&hr) 

COMPOUND  Pv|  _  CAS  #  5  O  -  5  Ij  'ZL 

TEST  # _  JL _  _ _  TEST  UNITS  /4>tX 


FETAX  CONTROL  MORT ■  ( N .  V. ) >iOj  O  FETAX  CONT.  MALF.  (N.y.)  SO  ,  O 

SOLVENT  CONT.  MORT.  (N.V.)  ^0.  SOLVENT  CONT.  MALF.  (N.X)  31  ,  5 ‘4 

CONTROL  LENGTH _ Q  _  cm  MCIG  - - 

LC50  <MORT.  )  95*/.  CONFIDENCE  LIMITS _ 

STATISTICAL  TEST  USED 


EC50  (MALF.)  0-^\  95*:  CONFIDENCE  LIMITsTT^^-. v  -  .  Oll^ 

STATISTICAL  TEST  USED  ^ U  /ujiV 


Tl 


>  1 


MORTALITY 
NOEL  > .g I 


LOEL  >  ^  ^  t 


MALFORMATION 
NOEL  ■  Oo60 
LOEL  » 


STATISTICAL  TESI  USED 
_;d  U,-V»/Wfc-^/s 


"^^cc-yx^yiejls 


METABOLIC  ACTIVATION 

FETAX  CONT.  MORT.  (N.V.)  0  FETAX  CONT.  MALF.  (N. •/.)  OZ 

SoEvInT  CONT.  MORT.  (N.y.)  ^0  ,  SOLVENT  CONT.  MALF.  (N.V.)  3^ 

MAS  CONT.  MORT.  (N,y.)  ^0  ^  O  MAS  CONT.  MALF.  (N.y.)  ^0,0^. 

MAS+SOL.  CONT.  MORT .  ( N ,  y. )  l2,_£_MAS+SDL .  CONT.  MALF.  (N,y.)  ‘^Oj  ^ 

CYCLOPHOS.  CONT.  MORT.  ^O.IoT>  CYCLOPHOS.  CONT.  MALF.  — 

(4.0  MG/ML)  (4.0  MG/ML) 


COMAS+TOX.  CONT.  MORT.  ^0,0 
(  //>niL  ) 

MAS+SOLVENT  CONTROL  LENGTH  . 


_  COMAS+TpX.  CONT.  MALF. 

(  lO  ) 

cm  MCIG  _ 


‘7 


LC50  (MORT.) 


95::  CONFIDENCE  LIMITS 
STATISTICAL  TEST  USED 


EC50  (MALF.  )  95*/.  CONFIDENCE  LIMITsT^  I  -  g- 

,  ,  ^  STATISTICAL  TEST  USED_LillX  V  -f  l I  /'^  i’  lcoy:ei\^ 

yj  ^  0,0  / 


MORTALITY 
NOEL  -ccl 
LOEL  .0^^ 


MALFORMATION 
NOEL  ^Q>C\ 
LOEL  >  D  .  0 1 


STATISTICAL  TEST  USED 

D  _ 


COMPOUND 
TEST  #_ 


RAW  DATA  SUMMARY  SHEET  (96hr) 

(’=^1  CAS  #  'Sc-'b^-Z 

O- 


CONCENTRATION 

r^g'-TAV 


MORTALITY  % 

o 


(LWt'g^s 


AAA1>  t  f.  50  CtrJrA 


f  \^^LyrJl  3(oi)f 


0005 


-» 


j:  060 


O  I  (JD 


Vt-'Ti  U  A  T<  D 


QooS 


.^ot^ 


,  co':>o 


o 


6 


9.6> 


D 


/CP 


ill 


O 


o 


j2 


o 


0 


D 


MALFORMATION  % 

■  ■■  o  -  - 

-('y _ 

i{0 


o 

1-^.3 

c2l.7 

/3.  3 


.  t:  <  t;-o 


O 


Ho.  0 

So  •  0 

/(fy.C 


cDe"^ 


SiiMElARV  SHEET  (96hr) 


COMPOUND 
TEST  # 


i|  f'l'/V* 


CAS 


i  ^0  -'5^- 2- 


TEST  UNITS  .w 


7^ 


FETAX  CONTROL  MORT.(N.y.)  Sr^,  <3  FETAX  CONT.  HALF.  (N.V.)  >  3,^ 

SOLVENT  CONT.  MORT .  ( N .  •/. )  ,  2S  SOLVENT  CONT.  M ALF .  ( N ,  */. ) 

CONTROL  LEN6TH  .  _ cm  MCIS  _ 


LC50  <MORT. ) 


_  cm  _ 

-^1  95*/.  CONFIDENCE  LIMITS 

STATISTICAL  TEST  USED 


EC50  (MALF.)  0,0^'^  95M  CONFIDENCE  LIMITS  ( >ooL  " 

^  ^  ^  STATISTICAL  TEST  USED  f.  La^o'^ 


TI _ 

MORTALITY 
NOEL  >  <Ol 
LOEL  ^  \ 


MALFORMATION 
NOEL  .  I 
LOEL  ■  OO^ 


STATISTICAL  TESJ  USED 


’^U.vwnctfe 


METABOLIC  ACTIVATION 

FETAX  CONT.  MORT.  (N.'/.)  ^0  ,  D  FETAX  CONT.  MALF.  (N.*/.)  S  O  ^ 

SOLVENT  CONT .  MORT .  ( N .  i  SOLVENT  CONT.  MALF.  (N.  V.)  )  ^>  < 

MAS  CONT.  MORT.  (N,‘/.)  ^0  ,2.5  [>,^5  CONT.  MALF.  (N.V.)  '  5^  j  2.  ^ 

MAS+SOL.  CONT,  MORT.  (N.V.)  ‘^^,0  MAS+SOL.  CONT.  MALF.  <N,y.)  ^0^6 

CYCLOPHOS.  CONT.  MORT.  ‘-(0,1^  CYCLOPHOS.  CONT.  MALF.  --  — 

(4.0  MG/ML)  (4.0  MG/ML> 

COMAS+TOX.  CONT.  MORT.  ^  ,  0  COMAS+TOX.  CONT.  MALF.  ^ 

(  (0  )  (  lO  > 

MAS+SOL  VENT  CONTROL  LENGTH  .~775>  cm  MCIG _ HI _ 

LC50  (MORT.  )  ^  O-  95’;  CONFIDENCE  LIMITS _ 

STATISTICAL  TEST  USED_^ _ 

EC50  (MALF.  )  0.00\^  957.  CONFIDENCE  LIMITS  C  .  o  oi  :2_ 

>  ,  STATISTICAL  TEST  USED  / i^A77-^o<0 

TI_jl2liL__ 

MORTALITY  MALFORMATION  STATISTICAL  TjE^  USED 

NOEL_C^^  NQEL_£.:iiop5  _ _ 

LOEL  ■  ^-OC  5  _ 2  U^y^ru-J^ _ 


LOEL  O] 


COMPOUND 

TEST 


RftW  DATA  SUMMARY  SHEET  (96hr) 

^  CAS  #  ^Q-  "Z^ 

z _ 


CONCENTRATION  MORTALITY  'L 

^TA  y'  Ctry^Ar^  _ 

/L|  ^  _ 

f  bMS6^l^)  o 

X)AVSt)  C  iy\.4vg^-S'  _ Q-.‘o 

Co -Mas  -t-  B(yp  o 

^  ,0  l<>yyA  ^  'I  _ 

iwfu  A  ’  r  ^  ' 

_ i  QO  oS _  _ C> 

_ ^  O  O  I  o _  _ ^ 

_ ,  O  o  _ 

.oo^o  O 


Oo'75 


.  O  1  cir: 
j_booS 


b 

^,o 


0  o\0 


_D 

D 


J2 


o^O 


o 


/  o 


-01^ 


A-^. 


cj  r  oz:) 


6.  0 


MALFORMATION  % 

3.^ 

_ -jS.D _ 

6.1 

6^60 


O 

O 

6 

-LO_ 
^  o 

I  b 
3~7.5 

47.5 
5^,  ( 
icrV 


i 


5HE.EI  (9fchr) 

CQHPOUNd'T^  ^  fi U  I  I  L  V. .' A<t  CAS  M 

TEST  »  1 J  P-f-  I _  TEST  UNITS. 


mo  I 
U 


FETAX  CONTROL  MORT.  (N.y.),^n  1.=  %  FETAX  CONT.  MALF.  (N,  */:• 

SOLVENT  CONT.  MORT .  ( N .  M )  /> J  A-  SOLVEt'IT  CONT.  WALF.  (N.V.)  A)4 

CONTROL  LENGTH  0.19^00:5 _  cm  MCIG  1.5^ _ 


LC50  (MORT.)  S.^5  95*/.  CONFIDENCE  LIMITS  i.  ^  ^ 

STATISTICAL  TEST  USED  T^o&r 

EC50  (MALF.  )  _^_£i£_  95::  CONFIDENCE  LIMITS 

y  STATISTICAL  TEST  USED  / 

TI.  _■ 


MOFTALITY 

3, -LI., 


NOEL  ■=^- 


LDEL__l_i; 


MALFORMATION 
NOEL  ^  /.75 
LDEL  I  .  l<r 


STATISTICAL  T£^  USED 

Dc lyij'  i  ^ 

Di^r.rsaMs _ 


METABOLIC  ACTIVATION 

FETAX  CONT.  MORT.(N,V.) _ FETAX  CONT.  MALF.  (N,*/.) _ 

SOLVENT  CONT.  MORT.  <N,’/.) _ SOLVENT  CONT.  MALF .  (N, •/.) _ 

MAS  CONT.  MORT.  (N,*/.)  _ MAS  CONT.  MALF.  (N,*;) _ 

MAS+SOL.  CONT.  MORT.(N,y.) _ ^MAS+SDL.  CONT.  MALF.(N,*/.) _ 

CYCLOF'HOS.  CONT.  MORT.  _ CYCL0PH05.  CONT.  MALF. _ 

(4.0  MG/ML)  (4.0  MG/ML) 

COMAS+TOX.  CONT.  MORT.  _  COMAS+TOX.  CONT.  MALF. _ 

(  )  (  ) 

MAS+SOL  VENT  CONTROL  LENGTH _  cm  MCIG _ 

LC50  (MOFT.) _  95::  CONFIDENCE  LIMITS _ 

STATISTICAL  TEST  USED _ 

EC 50  (MALF.)  95!;  CONFIDENCE  LIMITS _ 

STATISTICAL  TEST  USED _ 

TI _ 

MORTALITY  MALFORMATION  STATISTICAL  lESJ  USED 

NOEL _  NOEL _  _ 

LDEL _  LDEL _  _ _ 


I 


FETAX  SUMMARY  SHEET  (96hr) 

COMPOUND  S^CyjlrZti  CAS  #_  ■SV-g/  -7 

i _  _  TEST  UNITS 


TEST  # 


FETAX  CONTROL  MORT.  (N,7.>  FETAX  CONT.  MALF.  (N,/;)  7<^  g.g 

SOLVBJT  CONT.  MORT.  (N.V.1  SOL'JENT  CONT.  MftLF.<N.y.l  

n.Qq 


CONTROL  LENSTH 


cm 


MCIG 


l.zx— 


LC50  (MORT.)  95*/.  CONFIDENCE  LIMITS  I  2,  (p 

I  .  ^  STATISTICAL  TEST  USED  /  JuJ 
EC50  (MALF.  )  h  ^  f  9Z’/.  CONFIDENCE  LIMITS~/7t2-  H.  1 1 


Tl 


/.'f 


STATISTICAL  TEST  USED  Lju^ 


MORTALITY 
NOEL  L 
LDEL  ^ ‘ ^ 


MALFORMATION 
NOEL  / .  O 
LOEL  /  »  as^ 


^AT I  ST  I  CAL  liil  USED 


METABOLIC  ACTIVATION 


nj  ^  6. 3 


FETAX  CONT.  MORT.  (N.V.)  FETAX  CONT.  MALF.  (N.7.) 


SOLVENT  CONT.MORT.  (N,7.) 


.SOLVENT  CONT.MALF.  (N,7.) 


MAS  CONT.  MORT.  (N, 7.)  MAS  CONT.  MALF.  (N, 7.),  7?.  ^<3 


MAS+SOL.  CONT.  MORT.  (N,  7.) 


_MAS+SOL.  CONT.  MALF.  (N,7.) 


CYCLOPHOS.  CONT.  MORT.  VO  tVO  CYCLQPHQS.  CONT.  MALF.  O  - - 

(4.0  MG/ML)  (4.0  MG/ML) 

COMAS+TOX.  CONT.  MORT.  ^  COMAS+TOX.  CONT.  MALF.  / 

<  )  <  ;?.  o  > 

MAS+SOLVENT  CONTROL  LENGTH  (0.  cm  MCIG  ^ - - 


LC50  (MORT.  )  »^  ■/  9  95);  CONFIDENCE  LIMITS 

STATISTICAL  TEST  USED  L,j  lJ 


EC50  (MALF.  )  / •  957.  CONFIDENCE  LIMITS  /  ^0  - 

STATISTICAL  TEST  USED  L/iaJ 


Tl 


/.  ^ 


MORTALITY 
NOEL__/ijt_ 
LOEL  J^JO 


MALFORMATION 
NOEL  1’^ 
LOEL  ^ 


STATISTICAL  TEST  USED 


L 


EilBI  iUMtiaRY  SHEET  (96hr) 

COMPOUND  hi  Lur^  S/UJ  CAS  #  3rU  "  J^(  ^  7 

TEST  #  ~£>&ys  J—  _  TEST  UNITS_ 


FETAX  CONTROL  MORT.  (N,’/.)  go,  FETAX  CONT.  MALF.  (N,*/!) 

SOLVENT  CONT.  MORT.(N.y.)  SOLVENT  CONT.  MALF.(N,y.> _ 

CONTROL  LENGTH  Q  .  ^8 _  cm  MCIG  -^.Q _ 

LC5C)  <MORT.)  d^‘3  0  95*/.  CONFIDENCE  LIMITS  Z.^2"— 

^  STATISTICAL  TEST  USED  L-/ kJ 
EC50  (MALF.)  f  •  95*;  CONFIDENCE  LIMITS/. /fa  —  /.-f 

TI  /.  7 

MALFORMATION  STATISTICAL  TEST  USED 

NOEL  / . 


STATISTICAL  TEST  USED 


4/1^. 


MORTALITY 

NOEL_Sl_^_ 


loel_3=JL 


LOEL  /.  4 


i  « 


METABOLIC  ACTIVATION 


FETAX  CONT.  MQRT.(N,‘/.)  FETAX  CONT.  MALF.  (N,*/.)  n 

SOLVENT  CONT. MORT.  <N,*/.)  SOLVENT  CONT. MALF.  (N,y.)  — 


MAS  CONT.  MORT.  (N,’/.)  4eij  cs  _MAS  CONT.  MALF.  (N,‘/.>.  40^  n 
MAS+SOL.  CONT.  MORT.  (N,  V.)  __2L_MAS+S0L.  CONT.  MALF.  (N,'/.)  — ' 


CYCLOPHOS.  CONT.  MORT.  ^0  /  f;PC YCLOPHOS .  CONT.  MALF.  im 

t  A  MIT.  /Ml  \  ^  t  A  r\  Mfr.  /Ml  \  f 

■AjL 

/■  -2^ 


<4.0  MG/ML) 
COMAS+TOX.  CONT.  MORT. 

<  J2..0  > 


(4.0  MG/ML) 
COMAS+TOX.  CONT.  MALF 

<  JL-Z)  ) 


MAS+SOLVENT  CONTROL  LENGTH 


cm  MCIG 


LC50  (MORT.  )  95:;  CONFIDENCE  LIMITS  — d>3S,' 

STATISTICAL  TEST  USED  lJ  iJ 
EC50  (MALF.)  /•V9  - 

/.s  ■ 


TI 

MORTALITY 
NOEL 


95'/.  CONFIDENCE  LIMITS  J.  /  •'^7 

STATISTICAL  TEST  USED  ■ 


id. 


LOEL 


MALFORMATION 

NOEL 

LOEL  ldf_ 


STATISTICAL  TEST  USED 


FETAX  SUMMARY  SHEET 


Tc«t  No.  tX/  Jb 


Inmtlgator 


Source 


Lab 


CAS  No. 


Lot  No. 


Taat  Start  Data 


Composition 


Taat  End  Data 


'z/s-i/90 


Solvent 


/[//? 


Cone. 


Teat  Unita 


—  pH  — 

Stock 

DAY  1 

DAY  2 

DAY  3 

DAY  4 

DAY  5 

^  / 

Control 

Highest  "Cone. 

FETAX  Costroi  (No./ total:  %) 


MORTALITY 


:  JO__y^ 


MALFORMATION 

[hz.  3.7^ 


Solvent  Control 


/VA?  Yo 


.AlA. 


aziA  % 


Control  Length 


““  L  6  US 5 


Solvent  Control  Length 


mm 


JM. 


Minimum  Concentration  to  Inhibit  Growth  (MCIG)  2.  t  S 


TEST  MATERIAL/COMPOUND  RESULTS 


TEST 

MORTALITY 

MALFORMATION 

STATISTICAL  TEST  USED 

NOEL 

mmamM 

2.5 

'I-' 

LOEL 

S' 25 

3/0 

^  /f 

LCso  .3 

^^50  3/ 

95®/o  Confidence  limits  'Si'^0 

95Yo  Confidence  Limits  (jo  —  "5/  5  Co 

TEST  TREATOGENIC  INDEX  (TI) 


A  9 

■ssesaex 


Lj^/oflCS^  ^  q,  33 


CONTROL:  6  AMINONICOTINAMIDE  (ANT)  RESULTS 


CONCENTRATION 

MORTALITY 

MALFORMATION 

5.5  mg/mi 

:  Yo 

:  % 

2500  mg/mi 

:  Yo 

:  '  »/o 

CONTROL  {ANT)  TERATOGENIC  INDEX  (TI) 


FETAX  RAW  DATA  SUMMARY  SHEET  (96  Hr.) 


FETAX  SUMMARY  SHEET 


FETAX  Control  (No./total:  %) 


Solvent  Control 


Control  Length 


nini/^^()^96  Solvent  Control  Length  mm 


Minimum  Concentration  to  Inhibit  Growth  (MCIG)  2  t  S 


TEST  MATERIAL/COMPOUND  RESULTS 


TEST 


NOEL 


LOEL 


MORTALITY 


MALFORMATION 


STATISTICAL  TEST  USED 


,5 


LC50  V,  3  V 


95%  Confidence  iimits  57“  5”<2.7/  |  95%  Confidence  Limits  {^2 


TEST  TREATOGENIC  INDEX  (TI)  Q 


^lOh  "  I  -c 


CONTROL:  6  AMINONICOTINAMIDE  (ANT)  RESULTS 


FETAX  RAW  DATA  SUMMARY  SHEET  (96  Hr.) 


# 


FETAX  SUMMARY  SHEET  n'  - 

1  Test  No.  0'/ 

Source 

CAS  No.  Lot  No. 

Composition 

j”?- .5'/7 

Solvent  (^Jf\  Cone. 

DBDIBliKBHHi] 

—  pH  — 

Stock 

DAY  1 

DAY  2 

DAY  3 

DAY  4 

DAY  5 

Control 

/ 

Highest  Cone. 

. 

MORTALITY 

MALFORMATION 

FETAX  Control  (No./total:  %) 

l/lO  : 

Solvent  Control 

(V/!~  :  % 

^  :  /V)^  % 

Control  Length  mm^ 

Solvent  Control  Length  mm 

Minimum  Concentration  to  Inhibit  Growth  (MCIG) 

TEST  MATERIAL/COMPOUND  RESULTS 


TEST 

MORTALITY 

MALFORMATION 

STATISTICAL  TEST  USED 

NOEL 

/3-0 

o 

H^U2SE31EB&^^9lllli 

LOEL 

IS.  o' 

^.0 

// 

LCso  /  5, 5J 


EC 


50 


95%  Confidence  limits  //,  I  ,7-  i 


95%  Confidence  Limits  7^  £■- j  jQ, 


TEST  TREATOGENIC  INDEX  (TI) 


CONTROL:  6  AMINONICOTINAMIDE  (ANT)  RESULTS 


FETAX  RAW  DATA  SUMMARY  SHEET  (96  Hr.) 


FETAX  SUMMARY  SHEET 


(B 


Test  No.  £)u/ 


Source 

CAS  No.  Lot  No. 

IQQBBSS^^^S^SIIIIIIIIIIIIIIIIi 

Solvent  Cone.  Tm  Unit. 

—  pH  — 

Stock 

DAY  1 

DAY  2 

DAY  3 

DAY  4 

DAY  5 

7.5-71!- 

? 

Control 

h 

Highest  Cone. 

- - 

MORTALITY 

MALFORMATION 

FETAX  Control  (No./total:  %) 

.3^S’o  !  O'.S"  . 

mam 

9E9B 

Solvent  Control 

pio 

Control  Length  mm  j 

Solvent  Control  Length 

HQ 

Minimum  Concentration  to  Inhibit  Growth  (MCIG) 


O,  / 


TEST  MATERIAL/COMPOUND  RESULTS 


LC 


50 


B 


95%  Confidence  limits  ^  ^  j 


TEST 

MORTALITY 

MALFORMATION 

STATISTICAL  TEST  USED 

NOEL 

0,lt 

o-oy 

LOEL 

n.  xO 

OJO 

if  ff 

*^^50  ^ 


95%  Confidence  Limits  ^ /f, 


TEST  TREATOGENIC  INDEX  (TI) 


//5  0,^0 


CONTROL:  6  AMINONICOTINAMIDE  (ANT)  RESULTS 


CONCENTRATION 

MORTALITY 

MALFORMATION 

5.5  mg/mi 

;  «/o 

:  % 

2500  mg/ml 

:  Yo 

:  ®/o 

CONTROL  (AWT)  TERATOGENIC  INDEX  (TI) 


FETAX  RAW  DATA  SUMMARY  SHEET  (96  Hr.) 


FETAX  SUMMARY  SHEET 


FETAX  Control  (No./total:  %) 


Solvent  Control 


C'ntroi  Length  Ci’^^Z(o\ 


Minimum  Concentration  to  Inhibit  Growth  (MCIG)  0.0^ 


TEST  MATERIAL/COMPOUND  RESULTS 


TEST 


NOEL 


LOEL 


MORTALITY 


MALFORMATION 


STATISTICAL  TEST  USED 


LC50  0,'2-2. 


95%  Confidence  limits  0.2  /  *  0/2  S 


TEST  TREATOGENIC  INDEX  (TI) 


^^50  0,  fS 


95%  Confidence  Limits  /Z  ~  0  •  I  S 


CONTROL:  6  AMINONICOTINAMIDE  (ANT)  RESULTS 


FETAX  RAW  DATA  SUMMARY  SHEET  (96  Hr.) 


FETAX  SUMMARY  SHEET 


FETAX  Control  (No./tot«I:  %) 


Solvent  Control 

Control  Length  mm  ^ 

Solvent  Control  Length  -fl  mm 

Minimum  Concentration  to  Inhibit  Growth  (MCIG) 

TEST  MATERIAL/COMPOUND  RESULTS 


MALFORMATION 

STATISTICAL  TEST  USED 

0,0"^ 

ihW^/Tf 

o,OH 

EC50  c>  • 


Confidence  limits  i  95%  Confidence  Limits 


TEST  TREATOGENIC  INDEX  (TI) 


12.9 


CONTROL:  6  AMINONICOTINAMIDE  (ANT)  RESULTS 


MORTALITY 


CONCENTRATION 


5.5  mg/ml 


2500  mg/mi 


CONTROL  (AATT)  TERATOGENIC  INDEX  (TI) 


MALFORMATION 


_ ^% 


% 


FETAX  RAW  DATA  SUMMARY  SHEET  (96  Hr.) 


CAS  No. 


Vcador/Lot  No. 


CONCENTRATION 


%  MORTALITY 


FETAX  SUMMARY  SHEET 


TEST  MATERIAL/COMPOUND  RESULTS 


MALFORMATION 


TEST 

MORTALITY 

NOEL 

0,2^S 

LOEL 

^  ,  Oh 


^  ,  C> 


STATISTICAL  TEST  USED 


95%  Confidence  limits  "  O',  Q9  Confidence  Limits  0^0  "1  Ot  0/0 


TEST  TREATOGENIC  INDEX  (TI) 


6^5 


'JJU^X'^o  /,oz, 

A/V 


CONTROL:  6  AMINONICOTINAMIDE  (ANT)  RESULTS 


FETAX  RAW  DATA  SUMMARY  SHEET  (96  Hr.) 


FETAX  SUMMARY  SHEET 


TMt  M.l.rUI  5" .  j_ 

Source 

CAS  No.  Lot  No. 

Composition 

Solvent  Cone.  ^  ^ 

Tm  unit,  n^tyd 

^7 


—  pH  — 

Stock 

DAY  1 

DAY  2 

DAY  3 

DAY  4 

DAY  5 

'^-7  5  — 

— 

Control 

Highest  Cone. 

/ - 

MORTALITY 

MALFORMATION 

FETAX  Control  (No./total:  Yo) 

/^A/0  :  2-2.5'  % 

s  O  Yo 

Solvent  Control 

% 

/<y/f  ;  /Ud  Yo 

Control  Length 

Solvent  Control  Length  A-^  ““ 

Minimum  Concentration  to  Inhibit  Growth  (MCIG)  ^ 

TEST  MATERIAL/COMPOUND  RESULTS 


TEST 

MORTALITY 

MALFORMATION 

STATISTICAL  TEST  USED 

NOEL 

Q5 

.....  <0.0^ 

LOEL 

_ /dl _ 

/  o5 

// 

LC 


50 


EC 


50 


0,0  55 


95%  Confidence  limits 


95%  Confidence  Limits  5,  ^Cj  —  O/  (a  f  ^ 


TEST  TREATOGENIC  INDEX  (TI) 


//,  ^ 


Cl '7  9 
t  O,  S  y 


CONTROL:  6  AMINONICOTINAMIDE  (ANT)  RESULTS 


CONCENTRATION 

MORTALITY 

MALFORMATION 

5.5  mg/ml 

Yo 

:  Yo 

2500  mg/ml 

:  Yo 

:  Yo 

CONTROL  (AfiT)  TERATOGENIC  INDEX  (TI) 

FETAX  RAW  DATA  SUMMARY  SHEET  (96  Hr.) 


l-b  1 MA  dUiviiviMR  I  once  i 


Test  Material 


Source 


CAS  No. 
Composition 


Soivent 


Stock 


Controi 


pH  — 


Highest  Cone. 


Lot  No. 


Cone. 


TMt  End  Date 


Tatt  Un< 


DAY  1 


DAY  2 


DAY  3 


FETAX  Control  (No./total:  %)  oJ  ^0  :  'l3  •k 

'  . .  ^ '/  -  . 

Solvent  Control  /  //••  :  % 

Control  Length  CP .  M  ^5  Soivent  Controi  Length 

Minimum  Concentration  to  Inhibit  Growth  (MCIG)  ^  \ 


Solvent  Control 


Control  Length 


TEST  MATERIAL/COMPOUND  RESULTS 


TEST 


NOEL 


LOEL 


MORTALITY 


MALFORMATION 


STATISTICAL  TEST  USED 


0.3 


0.5 


I-Cso  1.5)^ 


95%  Confidence  limits 


^0.1 


_ 0.15 


95%  Confidence  Limits  0'^'' 


TEST  TREATOGENIC  INDEX  (TI) 


CONTROL:  6  AMINONICOTINAMIDE  (ANT)  RESULTS 


